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ADJUSTABLE EXPANSION CONE ASSEMBLY 

Cross Reference To Related Applications 
This application claims the benefit of the fiJing date of U.S. provisional patent application serial no. 
60/318,021, attorney docket no. 25791.58, filed on 9/7/2001, the disclosure of which is incorporated herein by 
reference. 

This application is related to the following: (1) U.S. patent application serial no. 09/454,139. attorney 
docket no. 25791 .03.02. filed on 12/3/1999, (2) U.S. patent application serial no. 09/5 10,913, attorney docket no. 
2579 1 .7.02, filed on 2/23/2000. (3) U.S. patent application serial no. 09/502,350, attorney docket no. 2579 1 .8.02, 
filed on 2/10/2000, (4) U.S. patent application serial no. 09/440,338, attorney docket no. 25791 .9.02, filed on 
1 1/15/1999, (5) U.S. patent application serial no. 09/523,460, attorney docket no. 25791.1 1.02, filed on 3/10/2000, 
(6) U.S. patent application serial no. 09/512,895, attorney docket no. 25791.12.02. filed on 2/24/2000, (7) U.S. 
patent application serial no. 09/51 1,941, attorney docket no. 25791.16.02, filed on 2/24/2000, (8) U.S. patent 
application serial no. 09/588.946, attorney docket no. 25791.17.02. filed on 6/7/2000. (9) U.S. patent application 
serial no. 09/559,122, attorney docket no. 25791.23.02, filed on 4/26/2000, (10) PCT patent application serial no. 
PCT/USOO/18635, attorney docket no. 25791.25.02. filed on 7/9/2000, (1 1) U.S. provisional patent application serial 
no. 60/162,671. attorney docket no. 25791.27, filed on 1 1/1/1999, (12) U.S. provisional patent application serial no. 
60/154,047, attorney docket no. 2579129, filed on 9/16/1999, (13) U.S. provisional patent application serial no. 
60/159,082, attorney docket no. 25791.34, filed on 10/12/1999, (14) U.S. provisional patent application serial no. 
60/159,039. attorney docket no. 25791.36, filed on 10/12/1999, (15) U.S. provisional patent application serial no. 
60/159,033, attorney docket no. 25791 37, filed on 10/12/1999, (16) U.S. provisional patent application serial no. 
60/212,359. anomey docket no. 25791.38, filed on 6/19/2000, (17) U.S. provisional patent application serial no. 
60/165,228, attorney docket no. 25791.39, filed on 1 1/12/1999, (18) U.S. provisional patent application serial no. 
60/221,443. attorney docket no. 25791.45, filed on 7/28/2000, (19) U.S. provisional patent application serial no. 
60/221,645, attorney docket no. 25791.46, filed on 7/28/2000, (20) U.S. provisional patent application serial no. 
60/233.638, attorney docket no. 25791.47, filed on 9/18/2000, (21) U.S. provisional patent application serial no. 
60/237,334, anomey docket no. 25791.48, filed on 10/2/2000, (22) U.S. provisional patent application serial no. 
60/270.007, attorney docket no. 25791.50, filed on 2/20/2001; and (23) U.S. provisional patent application serial no. 
60/262,434, attorney docket no. 25791,51, filed on 1/17/2001, the disclosures of which are incorporated herein by 
reference. 

Background of the invention 
This invention relatesr generally to wellbore casings, and in particular to wellbore casings that are formed 

using expandable tubing. 

Conventionally, when a wellbore is created, a number of casings are installed in the borehole to prevent 
collapse of the borehole wall and to prevent undesired outflow of drilling fluid into the formation or inflow of fluid 
from the formation into the borehole. The borehole is drilled in intervals whereby a casing which is to be installed 
in a lower borehole interval is lowered through a previously installed casing of an upper borehole interval. As a 
consequence of this procedure the casing of the lower interval is of smaller diameter than the casing of the upper 
interval. Thus, the casings are in a nested arrangement with casing diameters decreasing in downward direction. 
Cement annuli are provided between the outer surfaces of the casings and the borehole wall to seal the casings from 
the borehole wall. As a consequence of this nested arrangement a relatively large borehole diameter is required at 
the upper part of the wellbore. Such a large borehole diameter involves increased costs due to heavy casing 
handling equipment, large drill bits and increased volumes of drilling fluid and drill cuttings. Moreover, increased 
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drilling rig time is involved due to required cement pumping, cement hardening, required equipment changes due to 
large variations in hole diameters drilled in the course of the well, and the large volume of cuttings drilled and 
removed. 

The present invention is directed to overcoming one or more of the limitations of the existing procedures 
for forming new sections of casing in a wcllbore. 

Summary of the Invention 
According to one aspect of the present invention, an apparatus for radially expanding a tubular member is 
provided that inchides a nibular support member that includes a first tubular support body defining a longitudinal 
passage, a first lug coupled to and extending from the first mbular support body in the radial direction, a second lug 
coupled to and extending from the first tubular support body in the radial direction, and an expansion cone support 
body coupled to the first tubular support body. The expansion cone support body includes an N-sided tapered 
mbular support member, wherein each side of the muki-sided tapered tubular support member defines a T-shaped 
slot. N expansion cone segments are movably coupled to the expansion cone support body, each including an 
expansion cone segment body including arcuate conical outer surfaces, a first T-shaped retaining member coupled to 
the expansion cone segment body for movably coupling the expansion cone segment body to a corresponding one of 
the T-shaped slots of the expansion cone support body, and a second T-shaped reuining member coupled to the 
expansion cone segment body. A split ring collar assembly is movably coupled to the exterior of the mbular support 
member that includes a second tubular support body defining N T-shaped slots for movably receiving corresponding 
ones of the second T-shaped retaining members of the expansion cone segments, and an L-shaped retaining member 
coupled to the second mbular support body. A first drag block assembly is movably coupled to die tubular support 
member that includes a first drag block body defining a slot for receivmg and mating with the L-shaped retaining 
member of the split ring collar, and a first J-shaped slot for receiving the first lug. and oiie or more first drag blocks 
coupled to the fust drag block body. A second drag block assembly is movably coupled to the tubular support 
member that includes a second drag block body defining a second J-shaped slot for receiving the second lug, and 
one or more second drag blocks coupled to the second drag block body. First and second packer cups are coupled to 
the tubular support member between the first and second drag block assemblies. 

According to another aspect of the present invention, an apparanis for radially expanding a tubular member 
is provided that includes a tubular support member that includes a first tubular support body defining a longitudinal 
passage, a first flange coupled to the first tubular support body, a second flange coupled to the first tubular support 
body, a first tapered flange coupled to the fu^t tubular support body, a second tapered flange coupled to the first 
tubular support body, and sfrv^xpansion cone support body coupled to the first tubular support body. The expansion 
cone support body includes an N-sided tapered tubular support member, wherein each side of the multi-sided 
tapered tubular support member defines a T-shaped slot. N expansion cone segments are movably coupled to the 
expansion cone support body, each including an expansion cone segment body including arcuate conical outer 
surfaces, a first T-shaped retaining member coupled to the expansion cone segment body for movably coupling the 
expansion cone segment body to a corresponding one of the T-shaped slots of tiie expansion cone support body, and 
a second T-shaped retaining member coupled to the expansion cone segment body. A split ring collar is movably 
coupled to the exterior of the tubular support member that includes a second tubular support body that defines N T- 
shaped slots for.movably receiving corresponding ones of the second T-shaped retaining members of the expansion 
cone segments, and an L-shaped retaining member coupled to the second tubular support body. A first collet 
assembly is movably coupled to the tubular support member that includes a first tubular sleeve that defines a slot for 
receiving and mating with the L-shaped retaining member of the split ring collar, a first counterbore for receiving 

2 
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the first flange, and a first radial passage, a first spring received within the first counterbore, a first reiaining ring 
received within the first counterbore, a first load transfer pin coupled to the first retaining ring and extending 
through the first radial passage, a second tubular sleeve coupled to the first load transfer pin. a first resilient collet 
coupled to the second tubular sleeve and positioned above the first tapered flange, and a third tubular sleeve coupled 
to the first resilient collet. A second collet assembly is movably coupled to the tubular suppon member that includes 
a fourth tubular sleeve that defines a second counterbore for receiving the second flange, and a second radial 
passage, a second spring received within the second counteriDore, a second retaining ring received within the second 
counterbore, a second load transfer pin coupled to the second retaining ring and extending through the second radial 
passage, a fifth tubular sleeve coupled to the second load transfer pin, a second resilient collet coupled to the fifth 
tubular sleeve and positioned above the second tapered flange, and a sixth tubular sleeve coupled to the second 
resilient collet First and second packer cups coupled to the tubular support member between the first and second 
collet assemblies. 

According to another aspect of the present invention, an apparatus for radially expanding a tubular member 
is provided that includes a tubular support member that includes a first tubular support body defining a longitudinal 
passage, a fuTit radial passage defmed in the first tubular support body fluidicly coupled to the longitudinal passage, 
a first flange coupled to the first tubular support body, a second flange coupled to Ae first tubular support body, a 
fu^t tapered flange coupled to the first tubular support body, a second tapered flange coupled to the flrst tubular 
support body, and an expansion cone support body coupled to the first tubular support body. The expansion cone 
support body includes an N-sided tapered tubular support member, wherein each side of the muhi-sided tapered 
tubular support member defines a T-shaped slot N expansion cone segments are movably coupled to the expansion 
cone support body, each including an expansion cone segment body including arcuate conical outer surfaces, a first 
T-shaped retaining member coupled to the expansion cone segment body for movably coupling the expansion cone 
segment body to a corresponding one of the T-shaped slots of the expansion cone support body, and a second T- 
shaped retaining member coupled to the expansion cone segment body. A split ring collar is movably coupled to the 
exterior of the tubular support member that includes a second tubular support body that defines N T-shaped slots for 
movably receiving corresponding ones of the second T-shaped retaining members of the expansion cone segments, 
and an L-shaped retaining member coupled to the second tubular support body. A first dog assembly is movably 
coupled to the wbular support member rfiat includes a first tubular sleeve that defines a slot for receiving and mating 
with the L-shaped retaining member of the split ring collar, a first counterbore for receiving the first flange, and a 
second radial passage, a first spring received within the first counterbore, a first retaining ring received within the 
first counterbore, a first loatl'fransfer pin coupled to the fust retaining ring and extending through the second radial 
passage, and a second nibular sleeve coupled to the first load transfer pin that defines a second counterbore for 
receivins the first ttibular sleeve, a first resilient dog coupled to the second tubular sleeve and positioned adjacent to 
the first tapered flange. A second dog assembly is movably coupled to the tubular support member that includes a 
third tubular sleeve that defines a second counterbore for receiving the second flange, a third radial passage, and a 
fourth radial passage fluidicly coupled to the first radial passage, a second spring received withm the second 
counterbore, a second retaining ring received within the second counterbore, a second load transfer pin coupled to 
the second retaining ring and extending through the third radial passage, a fourth tubular sleeve coupled to the 
second load transfer pin, and a second resilient dog coupled to the fourth tubular sleeve and positioned adjacent to 
the second tapered flange. First and second packer cups are coupled to the tubular support member between the first 
and second dog assemblies. 
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According to another aspect of the present invention, an apparams for radially expanding a wbular member 
is provided that includes a tubular support member that includes a first nibular support body defining a longitudinal 
passage including a throat passage, a first radial passage defined in the first tubular support body fluididy coupled to 
the longitudinal passage, a first flange coupled to the first tubular support body, a second flange coupled to the first 
mbular support body that defines a second radial passage defined in the second flange fluididy coupled to the 
longitudinal passage, a tapered flange coupled to the first tubular support body, and an expansion cone support body . 
coupled to the first tubular support body. The expansion cone support body includes an N-sided tapered tubular 
support member, wherein each side of the multi-sided tapered tubular support member defines a T-shaped slot. N 
expansion cone segments are movably coupled to the expansion cone support body, each including an expansion 
cone segment body including arcuate conical outer surfaces, a first T^haped retaining member coupled to the 
expansion cone segment body for movably coupling the expansion cone segment body to a coiiesponding one of the 
T-shaped slots of the expansion cone support body, and a second T-shaped retaining member coupled to the 
expansion cone segment body. A split ring collar is movably coupled to the exterior of the tubular support member 
that includes a second tubular support body that defines N T-shaped slots for movably receivii^ corresponding ones 
of the second T-shaped retaining members of the expansion cone segments, and an L-shaped retaining member 
coupled to the second tubular support body. A dog assembly is movably coupled to the tubular support member that 
includes a first tubular sleeve that defines a slot for receiving and mating with the L-shaped retaining member of the 
split ring collar, a first counterbore for receiving the first flange, and a third radial passage, a spring received within 
the first counterbore. a retaining ring received within the first counterbore, a load transfer pin coupled to the 
retaining ring and extending through the third radial passage, a second mbular sleeve coupled to the first load 
transfer pin tiiat defines a first counterbore for receivir^ the first nibular sleeve, a second counterbore for receiving 
and mating with the tapered flange, and includes a third flange that defines a third counterbore for receiving the 
second flange, a fourth counterbore for receiving the second flange, and a fourth radial passage, and a resilient dog 
coupled to the second nibular sleeve and positioned adjacent to the tapered flange. First and second packer cups are 
coupled to the mbular support member between the resilient dog and the third flange. 

According to another aspect of the present invention, an adjustable expansion cone assembly is provided 
that includes a tubular support member that includes a tubular support body and an expansion cone support body 
coupled to the mbular support body. -Rie e.xpansion cone support body includes an N-sided tapered tubular support 
member, wherein each side of the multi-sided tapered tubular support member defines a T-shaped slot. N expansion 
cone segments are movably coupled to the expansion cone support body, each including an expansion cone segment 
body including arcuate conical outer surfaces, a first T-shaped retaining member coupled to the expansion cone 
segment body for movably coupling the expansion cone segment body to a corresponding one of the T-shaped slots 
of the expansion cone support body, and a second T-shaped retaining member coupled to the expansion cone 
segment body. A split ring collar is movably coupled to the exterior of the tubular support member that includes a 
second nibular support body that defines N T-shaped slots for movably receiving corresponding ones of the second 
T-shaped retaining members of the expansion cone segments, and an L-shaped retaining member coupled to the 
second mbular support body. A tubular actuating sleeve is movably coupled to the nibular support member that 
includes a third tubular support body that defines a slot for receiving and mating with the L-shapcd rcuining 

member of the split ring collar. 
) According to another aspect of the present invention, an adjustable expansion cone assembly is provided 

that includes a mbular suppon member that includes a first tubular support body, and an expansion cone support 
body coupled to the tubular suppon body. The expansion cone support body includes a tapered tubular suppon 



wo 03/023178 PCT/US02/25WW 
member defming N stepped slots. An expansion cone assembly is movaWy coupled to the tubular support member 
that includes a second tubular support body movably coupled to ihe first tubular support body defming an L-shaped 
slot, and N expansion cone segments extending from the second tubular support member. Each expansion cone 
segment includes a resilient collet coupled to the second tubular support member, an expansion cone segment body 
coupled to the resilient collet including arcuate conical outer surfaces, and a retaining member coupled to the 
expansion cone segment body for movably coupling the expansion cone segment body to a corresponding one of the . 
stepped slots of the expansion cone support body. A split ring collar is movably coupled to the exterior of the 
mbular support member that includes a third nibular support body, a first L-shaped retaining member coupled to the 
third tabular support body for mating with the L-shaped slot of the second tubular support body of the expansion 
cone assembly, and a second L-shaped retaining member coupled to the third tubular body. A nibular acniating 
sleeve is movably coupled to the tabular support member that includes a third nibular support body that defines a 
slot for receiving and mating with the second L-shaped retaining memba- of the split ring collar. 

According to another aspect of the present invention, an adjustable expansion cone assembly is provided 
that includes a tabular support member that includes a first tubular support body, and an expansion cone support 
body coupled to the tubular support body. The expansion cone support body includes a tapered tabular support 
member defining N slots. An expansion cone assembly is movably coupled to the tabular support member that 
includes a second tubular support body movably coupled to the first nibular support body defming an L-shaped slot, 
and N expansion cone segments extending from the second tubular support member. Each expansion cone segment 
includes a resilient collet coupled to the second tabular support member, an expansion cone segmem body coupled 
to the resiliem collet including arcuate conical outer surfiices, and a retaining member coupled to the expansion cone 
segment body for movably coupling the expansion cone segmem body to a corresponding one of the slots of the 
expansion cone support body. A split ring collar is movably coupled to the exterior of the tubular support member 
diat includes a third tabular support body, a first L-shaped retaining member coupled to the third tabular support 
body for mating wiA the L-shaped slot of the second tabular support body, and a second L-shaped retaining member 
coupled to the thinl tabular support body. A tubular actaating sleeve is movably coupled to the tubular support 
member that includes a third tabular support body that defines a slot for receiving and mating with the second L- 
shaped retaining member of the split ring collar. 

According to another aspect of the present invention, an adjustable expansion cone assembly is provided 
that includes a tabular support member that includes a first tabular support body, and an expansion cone support 
body coupled to the tabular support body. The expansion cone support body includes a tapered tabular support 
member defining N slots. Aa expansion cone assembly is movably coupled to the tabular support member that 
includes a second tabular support body movably coupled to the first tabular support body defining an L-shaped slot. 
N/2 fn^t expansion cone segments cxtendmg from the second tabular support member, and N/2 second expansion 
cone segments extending fi-om the second tabular member. Each first expansion cone segment includes a first 
resilient collet coupled to the second tabular support member, a first expansion cone segment body coupled to the 
resilient collet including arcuate conical outer surfaces, and a first retaining member coupled to the expansion cone 
segment body for movably coupling die expansion cone segment body to a corresponding one of the slots of the 
expansion cone support body. Each second expansion cone segment includes a second resilient collet coupled to the 
second tabular support member, a second expansion cone segment body coupled to the resilient collet including 
arcuate conical outer surfeces. and a second retaining member coupled to the expansion cone segment body for 
movably coupling the expansion cone segment body to a corresponding one of the slots of the expansion cone 
support body. The second expansion cone segments overlap and are interleaved with the first expansion cone 
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segments. A split ring collar is movably coupled to the exterior of the tubular support member that includes a third 
tubular support body, a first L-shaped retaining member coupled to the third tubular support body for mating with L- 
shaped slot of the second tubular support body, and a second L-shaped retaining member coupled to the third tubular 
support body. A tubular actuating sleeve is movably coupled to the tubular support member that includes a third 
tubular support body that defines a slot for receiving and mating with the second L-shaped retaining member of the 
split ring collar. 

According to another aspect of the present invention, an adjustable expansion cone assembly is provided 
that includes a tubular support member that includes a first tubular support body, and an expansion cone support 
body coupled to the first tubular support body. The expansion cone support body includes an N-sided tapered 
nibular support member, wherein each side of the multi-sided tapered tubular support member defines a T-shaped 
slot. N/2 first expansion cone segments are movably coupled to the expansion cone support body, each including a 
fwt expansion cone segment body including arcuate conical outer surfaces, a first T-shaped retaining member 
coupled to the first expansion cone segment body for movably coupling the first expansion cone segment body to a 
corresponding one of the T-shaped slots of the expansion cone support body, and a second T-shaped retaining 
member coupled to the first expansion cone segment body. N/2 second expansion cone segments are also movably 
coupled to the expansion cone support body, each including a second expansion cone segment body including 
arcuate conical outer surfiices. a third T-shaped reteining member coupled to the second expansion cone segment 
body for movably coupling the second expansion cone segment body to a corresponding one of the T-shaped slots of 
the expansion cone support body, and a fourth T-shaped retaining member coupled to the expansion cone scgmem 
body. The first and second expansion cone segments are interleaved. The first expansion cone segmem bodies are 
complementary shaped with respect to the second expansion cone segment bodies. A split ring collar assembly is 
movably coupled to the exterior of the tubular support member thai includes a second tubular support body that 
defines N T-shaped slots for movably receiving conesponding ones of the second and fourth T-shaped retaining 
members of the interleaved first and second expansion cone segments, and an L-shaped retaining member coupled to 
the second tubular support body. A tubular actuating sleeve movably coupled to the nibular support member that 
includes a third ttibular support body that defines a slot for receiving and mating with the L-shaped retaining 

member of the split ring collar. 

According to another aspect of the present invention, an apparatus for radially expanding a wbular member 
is pn)vided that includes a tubular support member that includes a first nibular support body defining a longitudinal 
passage, a first lug coupled to and extending from the first tubular support body in the radial direction, and a second 
lug coupled to and extendin&lrom the first tubular support body in *e radial direction. An adjustable expansion 
cone assembly is movably coupled to the nibular support member. A first drag block assembly is movably coupled 
to the nibular support member that includes a first drag block body coupled to the adjustable expansion cone 
assembly that defmes: a first J-shaped slot for receiving the first lug, and one or more first drag blocks coupled to 
the first drag block body. A second drag block assembly is movably coupled to the tubular support member that 
includes a second drag block body that defines: a second J-shaped slot for receiving the second lug, and 
one or more second drag blocks coupled to the second drag block body. Fiist and second packer cups are coupled to 
the wbular support member between the first and second drag block assemblies. 

According to another aspect of the present invention, an apparanis for radially expanding a nibular member 
is pn)vided that includes a tubular support member that includes a first nibular support body defming a longitudinal 
passage, a first flange coupled to the first tubular support body, a second flange coupled to the first nibular support 
body, a first tapered flange coupled to the first mbular support body, and a second tapered flange coupled to the first 
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tubular support body. An adjustable expansion cone assembly is movably coupled to the tubular support member. 
A first collet assembly is movably coupled to the tubular support member thai includes a fust tubular sleeve coupled 
to the adjustable expansion cone assembly and defines a first counterbore for receiving the first flange, and a first 
radial passage, a first spring received within the first counterbore, a first retaining ring received within the first 
counterbore, a fust load transfer pin coupled to the first rcuining ring and extending through the first radial passage, 
a second tubular sleeve coupled to the first load transfer pin. a first resilient collet coupled to the second tubular 
sleeve and positioned above the first tapered flange, and a third tubular sleeve coupled to the first resilient collet. A 
second collet assembly is movably coupled to the tubular support member that includes a fourth mbular sleeve that 
defmes: a second counterbore for receiving the second flange, and a second radial passage, a second spring received 
within the second counterbore, a second retaining ring received within the second counterbore, a second load 
transfer pin coupled to the second retaining ring and extending through the second radial passage, a fifth tubular 
sleeve coupled lo the second load transfer pin, a second resilient collet coupled to the fifth tubular sleeve and 
positioned above the second tapered flange, and a sixth tubular sleeve coupled to the second resilient collet. First 
and second packer cups are coupled to the tubular support member between the first and second collet assemblies. 

According to another aspect of the present invention, an apparatus for radially expanding a njbular member 
is provided that includes a tubular support member that includes a first tubular support body defining a longitudinal 
passage, a first radial passage defined in the first tubular support body fiuidicly coupled to the longitudinal passage, 
a first flange coupled to the first tubular support body, a second flange coupled to the first tubular support body, a 
first tapered flange coupled to the first tubular support body, and a second tapered flange coupled to the first tubular 
support body. An adjustable expansion cone assembly is movably coupled to the tubular support member. A first 
dog assembly is movably coupled to the tubular support member that includes a first tubular sleeve coupled to the 
adjustable expansion cone assembly that defines: a first counterbore for receiving the first flange, and a second 
radial passage, a fust spring received within the first counterbore, a first retaining ring received within the first 
counterbore, a first load transfer pin coupled to the first retaining ring and extending through the second radial 
passage, a second tubular sleeve coupled to the first load transfer pin that defines: a second counterbore for receiving 
the first tubular sleeve, a first resilient dog coupled to the second tubular sleeve and positioned adjacent to the first 
tapered flange. A second dog assembly is movably coupled to the tubular support member that includes a third 
mbular sleeve that defines a second counterbore for receiving the second flange; 

a third radial passage, and a fourth radial passage fluidicly coupled to the first radial passage, a second spring 
received within the second counterbore, a second retaining ring received within the second counterbore, a second 
load transfer pin coupled ttftHe second retaining ring and extending through the third radial passage, a founh tubular 
sleeve coupled to the second load oransfer pin, a second resilient dog coupled to the fourth tubular sleeve and 
positioned adjacent to the second tapered flange. First and second packer cups are coupled lo the tubular support 
member between the first and second dog assemblies. 

According to another aspect of the present invention, an apparatus for radially expanding a tubular member 
is provided that includes a mbular support member that includes a first tubular support body defining a longitudinal 
passage including a throat passage, a first radial passage defined in the first tubular support body fluidicly coupled to 
the longitudinal passage, a first flange coupled to the first mbular support body, and a second flange coupled to the 
first tubular support body that defines: a second radial passage defined in the second flange fluidicly coupled to the 
longitudinal passage. An adjustable expansion cone assembly is movably coupled to the mbular support member. A 
dog assembly is movably coupled to the mbular support member that includes a first mbular sleeve coupled to the 
adjustable expansion cone assembly that defines a first counterbore for receiving the first flange, and a third radial 
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passage, a spring received within ihe first counterbore. a retaining ring received within the first coumerbore. a load 
transfer pin coupled to the retaining ring and extending through the third radial passage, a second tubular sleeve 
coupled to the first load transfer pin that defines: a first counterbore for receiving the f«t tubular sleeve, a second 
cotinterbore for receiving and mating with the tapered flange, and includes a third flange that defines a third 
counterbore for receiving the second flange, a fourth counterbore for receiving the second flange, and a fourth radial 
passage, and a resilient dog coupled to the second tubular sleeve and positioned adjacent to the upered flange. First 
and second packer cups are coupled to the tubular support member between the resilient dog and the third flange. 

According to another aspect of the present invention, an apparatus for radiaUy expanding a tubular member 
is provided that includes a tubular support member, an adjustable expansion cone assembly movably coupled to the 
wbular suppon member, and means for adjusting the adjustable expansion cone assembly. 

According to another aspect of the present invention, an adjustable expansion cone assembly is provided 
that includes a mbular support member. An adjustable expansion cone is movably coupled to the mbular support 
member that includes a plurality of expansion cone segments, and means for guiding the expansion cone segments 
on the tubular support member. The assembly further includes means for adjusting the adjustable expansion cone. 

According to another aspect of the presem invention, a method of operating an adjustable expansion cone 
assembly including a plurality of expansion cone segments is provided that includes guiding the expansion cone 
segments on a tapered body, and controllably displacing the expansion cone segments along the upered body. 

According to another aspea of the presem invemion. a method of operating an adjustable expansion cone 
assembly including a plurality of expansion cone segmems is provided that includes guiding the expansion cone 
segments on a muhi^ided tapered body, interlocking the expansion cone segments, and controllably displacing the 

expansion cone segments along the tapered body. 

According to another aspect of the presem invention, a method of operating an adjusuble expansion cone 
assembly including a plurality of expansion cone segments is provided that includes resiliently guiding the 
expansion cone segments on a multi-sided tapered body, guiding each of the expansion cone segments on opposite 
sides in the circumferential direction, interlocking the expansion cone segments, and controllably displacing the 
expansion cone segments along the tapered body. 

According to another aspect of the presem Invention, a method of operating an adjustable expansion cone 
assembly Including a plurality of expansion cone segments is provided that includes dividing the expansion cone 
segments into first and second groups of expansion cone segments, interleaving die first and second groups of 
expansion cone segments, overiappingthe first and second groups of expansion cone segments, resiliemly guiding 
the expansion cone segments'oti a multi-sided tapered body, guiding each of the expansion cone segments on 
opposite sides in the circumferential direction, and controllably displacing the expansion cone segments along the 
tapered body. 

According to another aspect of the present invention, a method of operating an adjustable expansion cone 
assembly including a plurality of expansion cone segments is provided that includes dividing the expansion cone 
segments into first and second gn)ups of e)q)ansion cone segments, intcrieaving Ac first and second groups of 
expansion cone segments, guiding the expansion cone segments on a muhi-sided tapered body, and controllably 
displacing the expansion cone segments along the tapered body while also relatively displacing the first and second 
groups of expansion cone segments in opposite directions. 

According to another aspect of the presem invenUon. a method of plastically deforming and radially 
expanding an expandable tubular member using an apparahis including a tubular support member, an adjusrable 
expansion cone assembly movably coupled to the tubular support member, and an actuator movably coupled to the 
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tubular suppon member for adjusting the adjustable expansion cone assembly, is provided that.includes coupling a 
first end of the expandable mbular member to a nibular strucnire. locking the actuator to the mbular support member 
of the apparams. inserting the apparatus into the first end of the expandable tubular member, moving the acwator 
and the adjustable expansion cone assembly of the apparatos out of the second end of the expandable tubular 
member, reinserting the actuator of the apparatus into the second end of the expandable nibular member, unlocking 
the acniator from the tubular support member of the apparatus, rotating the actuator relative to the tubular support 
member of the apparams. and increasing the outside diameter of the adjustable expansion cone assembly by moving 
the tubular support member relative to the actuator, the adjustable expansion cone assembly and the expandable 
tubular member, and plastically deforming and radially expanding the expandable tubular member by moving the 
adjustable expansion cone assembly through the expandable tubular member. 

According to another aspect of the presem invention, a method of plastically defonnmg and radially 
expanding an expandable tubular member using an apparams including a tubular support member, an adjustable 
expansion cone assembly movably coupled to the tubular support member, and an actuator movably coupled to the 
tubular support member for adjusting the adjustable expansion cone assembly, is pnjvided that includes coupling a 
first end of the expandable tubular member to a mbular structure, inserting the apparatus into the first end of the 
expandable wbular member in a first direction, displacing the actuator of the apparams in a second direction 
opposhe to the first direction, applying a resilient biasing force to the adjustable expansion cone assembly in the 
second direction, moving the actuator and the adjustable expansion cone assembly of the apparams out of the second 
end of the expandable mbular member, reinserting the actuator of the apparams into the second end of the 
expandable mbular member in the second direction, increasing the outside diameter of the adjustable expansion cone 
assembly by displacing the actuator and the adjustable expansion cone assembly relative to the expandable tubular 
member in the first direction, and plastically defonning and radially expanding the expandable tubular member by 
moving the adjustable expansion cone assembly through the expandable wbular member in the second direction. 

According to another aspect of the present invention, an adjustable expansion cone assembly is provided 
that includes a plurality of expansion cone segments, means for guiding the expansion cone segments on a tapered 
body, and means for controllably displacing the expansion cone segments along the tapered body. 

According to another aspect of the present invention, an adjustable expansion cone assembly is provided 
that includes a plurality of expansion cone segments, means for guiding the expansion cone segments on a multi- 
sided tapered body, means for interlocking the expansion cone segments, and means for controllably displacing the 

expansion cone segments along the tapered body. 

According to another aspect of the present invention, an adjustable expansion cone assembly is provided 
that includes a plurality of expansion cone segments, means for resiliently guiding the expansion cone segments on a 
multi-sided tapered body, means for guiding each of the expansion cone segments on opposite sides in the 
circumferential direction, means for interlocking the expansion cone segments, and means for controllably 
displacing the expansion cone segments along the tapered body. 

According to another aspect of the present invention, an adjustable expansion cone assembly is pK>vided 
that includes a plurality of expansion cone segments, means for dividing the expansion cone segments into first and 
second groups of expansion cone segments, means for interleaving the first and second groups of expansion cone 
segments, means for overlapping the first and second groups of expansion cone segments, means for resiliently 
guiding the expansion cone segments on a multi-sided tapered body, means for guiding each of the expansion cone 
segments on opposite sides in the circumferential direction, and means for controllably displacing the expansion 
cone segments along the tapered body. 
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According to another aspect of the present invention, an adjustable expansion cone assembly is provided 
that includes a plurality of expansion cone segments, means for dividing the expansion cone segments into first and 
second groups of expansion cone segments, means for interleaving the first and second groups of expansion cone 
segments, means for guiding the expansion cone segments on a multi-sided tapered body, and means for 
controllably displacing the expansion cone segments along the tapered body while also relatively displacing the first 
and second groups of expansion cone segments in opposite direaions. 

According to another aspect of the present invemion, an apparatus for plastically deforming and radially 
expanding an expandable tubular member is provided that inchides a mbular support member, an adjustable 
expansion cone assembly movably coupled to the tubular support member, means for actoating the adjustable 
expansion cone assembly, means for locking the acnator to the mbular support member of the apparatus, means for 
unlocking the acwator from the mbular support member of the apparatus, and means for increasing the outside 
diamcter^of the adjustable expansion cone assembly by moving the tubular support member relative to the acttiator, 
the adjustable expansion cone assembly, and the expandable tubular member. 

According to another aspect of the present invention, an apparatus for plastically deforming and radially 
expanding an expandable tubular member is provided that includes a nibular support member, an adjustable 
expansion cone assembly movably coupled to the mbular support member, means for actuating the adjustable 
expansion cone assembly, means for displacing the actuator of the apparaws in a first direction, means for applying 
a resilient biasing force to the adjustable expansion cone assembly when the actuator is displaced in the first 
direction, and means for increasing the outside diameter of the adjustable expansion cone assembly by displacing the 
actuator and the adjustable expansion cone assembly relative to the expandable mbular member in a second 

direction opposite to the first direction. 

Brief Description of the Drawings 
Figs. 1 and 1 a- 1 d are fragmentary cross-sectional views of an embodiment of the placement of an apparaws 
for radially expanding a mbular member within a tubular member v«thin a borehole within a subterranean 
formation. 

Fig. le is a cross-sectional view of an embodiment of the expansion cone support body of the apparaws of 
Figs. 1 and la- Id. 

Fi". I f is a cross-sectional view of the expansion cone support body of Fig. Ic. 

Fig. Ig is a side view of an embodiment of an expansion cone segment for use in the apparatus of Figs. 1 
and I a- Id. 

Fig. Ih is a front vie^v of the expansion cone segment of Fig. Ig. 
Fig. 1 i is a top view of the expansion cone segment of Fig. 1 g. 

Fig. Ij is a top view of an embodiment of interlocking expansion cone segments for use in the apparatus of 
Figs. 1 and la- id. 

Fig. 1 k is a top fragmentary circumferential view of an embodiment of the coupling arrangement between 
the expansion cone segments and the ^lit ring collar for use in the apparatus of Figs. I and 1 a-ld. 

Figs, n and Im are top schematic views of an embodiment of the coupling between the J-slots of the drag 
blocks and the lugs of the tubular suppon member of the apparams of Figs, i and la-Id. 

Figs. 2 and 2a-2d are fragmentary cross-sectional illusn^tions of the apparatus of Figs. I and la-Id during 
) the radial expansion of the mbular member vnthin the borehole within the subtenranean formation. 

Figs. 2e and 2f are illustrations of an embodiment of the J-slots of the drag blocks and the lugs of the 
tubular support member of the apparams of Figs. 2 and 2a-2d. 
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Figs. 2g and 2h are illustrations of an alternative embodiment of the J-slots of the drag blocks and the lugs 

of the tubular support member of the apparatus of Figs. 2 and 2a-2d. 

Figs. 3 and 3a-3c are fragmentary cross-sectional illustrations of an embodiment of the placement of an 

apparatus for radially expanding a tubular member within a wellbore casing within a subterranean fonnation. 

Fig. 3d is a cross-sectional view of an embodiment of the expansion cone support body of the apparanis of 

Figs. 3 and 3a-3c. 

Fig. 3e is a cross-sectional view of the expansion cone suppon body of Fig. 3d. 

Fig. 3f is a side view of an embodiment of an expansion cone segment for use in the apparatus of Figs. 3 

and 3a-3c. 

Fig. 3g is a front view of the expansion cone segment of Fig. 3f. 
Fig. 3h is a top view of the expansion cone segment of Fig. 3f. 

Fig- 3i is a top view of an embodiment of interlocking expansion cone segments for use in the apparaws of 
Figs. 3 and 3a-3c. 

Fig. 3j is a lop fragmentary circumferential view of an embodiment of the coupling arrangement between 
the expansion cone segments and the split ring collar for use in the apparatus of Figs. 3 and 3a-3c. 

Figs. 4 and 4a-4d are fragmentary cross-sectional illustrations of an embodunent of the placement of the 
apparams of Figs. 3 and 3a.3c including an expandable mbular member within an expandable wbular member 

within a subterranean formation. 

Figs. 5 and 5a-5d are fragmentary cross-sectional illustrations of an embodiment of the operation of the 
apparatus of Figs. 4 and 4a-4d during the radial expansion of the expandable tubular member within the borehole 

within the subterranean formation. 

Figs. 6 and 6a-6d are fragmentary cross-sectional illustrations of an embodiment of the placement of an 
apparatus for radially expanding a njbular member within a borehole within a subterranean formation. 

Fig. 6e is a cross-sectional view of an embodiment of the expansion cone support body of the apparanis of 

Figs. 6 and 6a-6d. 

Fig. 6f is a cross-sectional view of the expansion cone support body of Fig. 6e. 

Fig, 6g is a side view of an embodiment of an expansion cone segment for use in the apparatus of Figs. 6 
and 6a-6d. 

Fig. 6h is a front view of the expansion ccme segment of Fig. 6g. 
Fig. 6i is a top view of the expansion cone segment of Fig. 6g. 

Fig. 6j is a top viewt)f an embodiment of interlocking expansion cone segments for use m the apparatus of 
Figs. 6 and 6a-6d. 

Fig. 6k is a top fragmentary circumferential view of an embodiment of the coupling arrangement between 
the expansion cone segments and the split ring collar for use in the apparatus of Figs. 6 and 6a-6d. 

Figs. 7 and 7a-7c arc fragmentary cross-sectional illustrations of an embodiment of the placement of the 
apparanis of Figs. 6 and 6a-6d including an expandable tubular member within a borehole within a subterranean 
formation. 

Figs. 8 and Sa-8d are fragmentary cross-sectional illustrations of an embodiment of the operation of the 
apparatus of Figs. 7 and 7a-7d during the radial expansion of the expandable tubular member within a borehole 

within a subterranean formation. 

Fig. 9 is a fragmentary cross seaional illustration of an embodiment of an expansion cone assembly in an 

unexpanded position. 
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Fig. 9a is a cross sectional illustration of the expansion cone assembly of Fig. 9. 
Fig. 10 is a finagmentary cross secdonal illustration of the expansion cone assembly of Fig. 9 in an 
expanded position. 

Fig. 10a is a cross sectional illustration of the expansion cone assembly of Fig. 10. 

Fig. 1 J is a fragmentaiy cross sectional illustration of an embodiment of an expansion cone assembly in an 

unexpanded position. 

Fig. 1 la is a cross sectional illustration of the expansion cone assembly of Fig. .1 1. 

Fig. 12 is a fragmentary cross sectional illustration of the expansion cone assembly of Fig. 1 1 in an 
expanded position. 

Fig. 12a is a cross sectional illustration of the expansion cone assembly of Fig. 12. 

Fig- 13 b a fragmentary cross sectional illustration of an embodiment of an expansion cone assembly in an 

unexpanded position. 

Fig. 13a is a cross sectional illustration of the expansion cone assembly of Fig. 13. 

Fig. 13b is a fragmentary top circumferential illustration of the expansion cone segment assembly of Fig. 
13 that illustrates the interleaved sets of collets. 

Fig. 1 3c is a fragmentary cross sectional illustration of the interleaved collets of Fig. 13b. 

Fig. 14 is a fragmentary cross sectional illustration of the expansion cone assembly of Fig. 13 in an 
expanded position. 

Fig. 14a is a cross sectional illustration of the expansion cone assembly of Fig. 14. 

Figs. 15 and I5a-15c are fragmentary cross-sectional illustrations of an embodiment of the placement of an 
apparatus for radially expandii^ a tubular member within a borehole within a subterranean formation. 

Fig. 15d is a cross-sectional view of an embodiment of the expansion cone support body of the apparatus of 
Figs. 15 and 15a- 15c. 

Fig. I5e is a cross-sectional view of the expansion cone support body of Fig. ISd. 

Fig. 15f is a side view of an embodiment of an expansion cone segment for use in the apparatus of Figs. 1 5 
and 15a- 15c. 

Fig. I5g is a front view of the expansion cone segment of Fig. 15f. 
Fig. 15h is a top view of the expansion cone segment of Fig. 15f. 

Fig. 1 5i is a top view of an embodiment of interlocking expansion cone segments for use in the apparatus 
of Figs. 15 and 15a- 15c. 

Fig. 15j is a top fragmentary circumferential view of an embodiment of the coupling arrangement between 
the expansion cone segments and the split ring collar for use in the apparatus of Figs. 15 and 15a- 15c. 

Figs. 16 and I6a-16c are fragmentary cross-sectional illustrations of an embodiment of the placement of the 
apparatus of Figs. 15 and 15a-l5j including an expandable tubular member within a borehole within a subterranean 
formation. 

Figs. 17 and 17a*17c are fragmentary cross-sectional illustrations of an embodiment of the operation of the 
apparatus of Figs. 16 and ]6a-16c during the radial expansion of the expandable tubular member within a borehole 
within a subterranean formation. 

Fig. 1 8a is a cross sectional illustration of an embodiment of a segmented expansion cone assembly in an 
unexpanded position. 

Fig. 28b is a fragmentary circumferential top illustration of the expansion cone and split ring collar of Fig. 

ISa. 
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Fig. 18c is a fragmentary cross-sectional illustration of the expansion cone suppoit flange of the expansion 

cone assembly of Fig. 18a. 

Fig. 18d is a cross-sectional illustration of the expansion cone support flange of Fig. 18c. 

Fil I9a.is a cross sectional illustration of an embodiment of the segmented expansion cone assembly of 

Fig. 18a in an expanded position. 

Fig. 19b is a fragmentary circumferential top view of the expansion cone of Fig. 19a. 

Figs. 20a.20m are top circumferential views of various alternative embodiments of interlocking expansion 

cone segment geometries. 

Detailed Description of the illustrative Embodiments 

Referring initially to Figs. 1 and 1 a-1 d, an embodimem of an apparatus and method for radially expanding 
a Wbular member will now be described. As illustrated in Figs. 1 and la-ld. a wcllbore 100 is posUioned in a 
subterranean formation 105. In an exemplary embodiment, the wellbore 100 may include a pre-existing cased 
section 1 10. The weUbore 100 may be positioned in any orientation fix)m vertical to horizontal. 

In order to extend the wellbore 100 into die subterranean fonnation 105, a drill string is used in a well 
known manner to drill out material &om the subterranean fonnation 105 to fonn a new wellbore section 1 1 5 . In a 
preferred embodiment, the inside diameter of the new wellborn section 1 15 is greater than or equal to the inside 

diameter of the preexisting wellbore casing 1 10. 

A tubular member 1 20 defming a passage 1 20a may then be positioned within the wellbore section 1 1 5 
with the upper end 120b of the tubular member coupled to the wellbore casing 1 10 and the lower end 120c of the 
tubular member extending into the wellbore section. The wbular member 120 may be positioned within the 
wellbore section 1 1 5 and coupled to the wellbore casing 1 1 0 in a conventional manner. In a preferred embodiment. 
Ae mbular member 120 is positioned within the wellbore section 1 15 and coupled to the wellbore casing 1 10 using 
one or more of the methods and apparatus disclosed in one or more of the following: (I) U.S. patent application 
serial no. 09/454,139. attorney docket no. 25791.03.02, filed on 12/3/1999, (2) U.S. patem application serial no. 
09/510,913. attorney docket no. 25791 .7.02, filed on 2/23/2000. (3) U.S. patent application serial no. 09/502350. 
attoniey docket no. 25791.8.02, filed on 2/10/2000, (4) U.S. patent application serial no. 09/440,338, attorney docket 
no. 25791.9.02. filed on 1 1/15/1999. (5) U.S. patent application serial no. 09/523,460, attorney docket no. 
25791.1 1.02, filed on 3/10/2000, (6) U.S. patent application serial no. 09/512,895. attorney docket no. 25791.12.02, 
filed on 2/24/2000, (7) U.S. patent application serial no. 09/51 1,941. attorney docket no. 25791.16.02. filed on 
2/24/2000. (8) U.S. patent application serial no. 09/588,946. attorney docket no. 25791 .17.02, filed on 6^7/2000. (9) 
U.S. patem application sertal-no. 09/559.122. attorney docket no. 25791.23.02. filed on 4/26/2000. (10) PCT patent 
application serial no. PCT/USOO/18635. attorney docket no. 25791.25.02, filed on 7/9/2000, (11) U.S. provisional 
patem application serial no. 60/162,671, attorney docket no. 25791.27, filed on 1 1/1/1999. (12) U.S. prt>visional 
patem application serial no. 60/154,047, attorney docket no. 25791.29, filed on 9/16/1999, (13) U .S. provisional 
patem application serial no. 60/159,082, attorney docket no. 2579134, filed on 10/12/1999, (14) U.S. provisional 
patem application serial no. 60/159,039, attorney docket no. 2579 U6, filed on 10/12/1999, (15) U.S. provisional 
patent application serial no. 60/159,033. attorney docket no. 2579137. filed on 10/12/1999, (16) U.S. provisional 
patem application serial no. 60/212,359. attorney docket no. 2579138. filed on 6/19/2000, (17) U.S. provisional 
patem application serial no. 60/165,228. attorney docket m>. 2579139. filed on 1 1/12/1999. (18) U.S. provisional 
patent application serial no. 60/221.443. attorney docket m. 25791.45. filed on 7/28C000. (19) U.S. provisional 
patem application serial no. 60/22 1 .645. attorney docket no. 25791 .46, filed on 7/28Q000. (20) U.S. provUional 
patem application serial no. 60/233.638, attorney docket no. 25791.47. filed on 9/1 8/2000, (21) U.S. provisional 
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patent applicaiion serial no. 60/237,334, attorney docket no. 25791.48, filed on 10/2/2000, (22) U.S. provisional 
patent application serial no. 60/270,007, attorney docket no. 25791.50, filed on 2/20/2001; and (23) U.S. provisional 
patent application serial no. 60/262,434, attorney docket no. 25791.51, filed on 1/17/2001: and (24) U.S. provisional 
patent application serial no. 60/259.486. attorney docket no. 25791.52, filed on 1/3/2001, the disclosures of which 
are incorporated herein by reference. 

As illustrated in Figs. 1 and la-Id, an apparatus 200 for radially expanding a nibular member may then be 
positioned in the new section 1 15 of the weUbore 100 within the tubular member 120. The apparatus 200 includes a 
nibular support member 205 defining an internal passage 205a that is coupled to an end of a nibular coupling 210 
defining an internal passage 2 1 Oa. The other end of the tubular coupling 2 10 is coupled to an end of a tubular 
support member 215 defining an mtsmal passage 215a that includes a first lug 215b, a radial passage 2 1 5c, a first 
flange 2l5d, a second flange 2l5e, a second lug 2l5f. and an expansion cone support body 2l5g. The other end of 
the nibular support member 21 5 is coupled to a tubular end stop 220 that defines a passage 220a. 

As illustrated in Figs, le and If, the expansicm cone support body 215g mcludes a first end 215ga, a tapered 
hexagonal portion 215gb that includes a plurality of T-shaped slots 2I5gba provided on each of the external faceted 
surfaces of the tapered hexagonal portion, and a second end 2 1 5gc. In an exemplary embodiment, the angle of 
attack of the tapered hexagonal portion ranges from about 35 to 50 degrees for reasons to be described. 

As illustrated in Figs. 1, la-Id, Ig. Ih, and li, a plurality of expansion cone segments 225 are provided that 
include first ends 225a that include T-shaped retaining members 225aa and second ends 225b that include T-shaped 
retaining members 225ba that mate with and are received within corresponding T-shaped slots 21 5gba on the 
tapered hexagonal portion 215gb of the expansion cone support body 215g, first external surfaces 225bb, second 
external surfaces 225bc, and third external surfaces 225bd. Thus, in an exemplary embodiment, a total of six 
expansion cone segments 225 are provided that are slidably coupled to corresponding sides of the tapered hexagonal 
portion 2 1 5gb of ^ expansion cone support body. 

In an exemplary embodiment, the widths of the first external surfaces 225bb of the expansion cone 
segments 225 increase in the direction of the second external surfaces 225bc, the widths of the second external 
surfaces are substantially constant, and the widths of the third external surfaces 225bd decrease in the direction of 
the first ends 225a of the expansion cone segments for reasons to be described. In an exemplary embodiment, the 
first external surfaces 225bb of the expansion cone segments 225 taper upwardly in the direction of the second 
external surfaces 225bc, the second external surfaces taper upwardly in the direction of the third external surfaces 
225bd. and the third external surfaces 225bd taper downwardly in the direction of the first ends 225a of the 
expansion cone segments fbr reasons to be described. In an exemplary embodiment, the angle of attack of the taper 
of the first external surfaces 225bb of the expansion cone segments 225 are greater than the angle of attack of the 
taper of the second external surfaces 225bc. In an exemplary embodiment, the first and second external surfaces, 
225bb and 225bc, of the expansion cone segments 225 are arcuate such that when the expansion cone segments 225 
are displaced in the direction of the end stop 220, the first and second external surfaces of the expansion cone 
segments provide a substantially continuous outer circumferential surface for reasons to be described. 

As illustrated in Fig. Ij, in an exemplary embodiment, the external surfaces, 225bb, 225bc, and 225bd, of 
the second ends 225b of the expansion cone segments 225 are adapted to mate with one another in order to interlock 
adjacent expansion cone segments. 

As illustrated in Figs. 1, la-Id. and. Ik, a split ring collar 230 that defines a passage 230a for receiving the 
tubular support member 2 1 5 is provided that includes a first end that includes plurality of T-shaped slots 230b for 
receiving and mating with corresponding T-shaped retaining members 225aa of die expansion cone segments 225 
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and a second end that includes an L-shaped retaining member 230c. In an exemplaiy embodiment, the split ring 
collar 230 is a conventional split ring collar commercially available ftom Halliburton Energy Services modified m 
accordance with the teachings of the present disclosure. 

As iltastrated in Figs. 1 . la-Id. and Im, a drag block assembly 235 that defines a passage 235a for 
receiving the tubular suppon member 2 1 5 is provided that includes a first end that includes an L-shaped slot 235b 
for receiving and mating with the L-shaped retaining member 230c of the split ring collar 230. one or more 
conventional diag block elements 235c. and a J-shaped slot 235d including a retaining slot 235da for receiving the 
second luo 215f of the tubular support member 215. In an exemplary embodiment, the longimdinal ax.s of the J- 
shaped slot 235d of the drag block assembly 235 is substantially parallel to the longitudinal axis of the tubular 

support member 2 1 5 for reasons to be described. 

A fast conventional packer cup assembly 240 that defines a passage 240a for receiving the tubular support 
member 215 includes a first end 240b that mates with the second flange 21 5e of the tubular support member, a 
conventional sealing cup 240c. and a second end 240d. A tubular spacer 245 that defines a passage 245a for 
receiving the tubular support member 2 1 5 includes a first end 245b that mates with the second end 240c of the first 
packer cup assembly 240 and a second end 245c. A second conventional packer cup assembly 250 that defines a 
passage 250a for receiving the tubular support member 215 includes a first end 250b that mates with the second end 
245c of the spacer 245, a conventional sealing cup 250c. and a second end 250d that mates with the first fiange 2 1 5d 

of the tubular support member. 

As illustrated in Figs. 1. la-Id. and 11, a drag btock assembly 255 that defines a passage 255a for receiving 

the tubular support member 21 5 is provided that includes a first end that includes sealing membcis. 255b and 255c. 
one or more conventional drag block elements 255d, and a J-shaped slot 255e including a reuining slot 255ea for 
receiving the first hig 215b of the mbular support member 215. In an exemplary embodiment, the longitudmal axis 
of die J-shaped slot 255e of the drag block assembly 255 is substantially parallel to the longitudinal axis of the 
mbular support member 215 for reasons to be described. 

in an exemplary embodiment, during operation of the apparams 200. as illustrated in Figs. 1 and la- Im. the 
apparatus may be positioned in the wellbore 1 15, within the tubular member 120. with the first and second lugs. 
215b and 215f, respectively, positioned within the retaining slots, 255ea and235da. respectively, of the J-slots, 255e 
and 235da. respectively, of the drag block assembly 255 and 235. respectively. In this manner, the drag block 
assembly 235 is maintained in a substantially stationary position relative to the tubular support member 215 thereby 
preventing the expansion cone segmenu 225 ftom being displaced downwardly in the longitudinal direction relative 
to the tubular support member 215 towards the end stop 220. Furthermore, in this manner, the drag block assembly 
255 is also maintained in a substantially stationary position relative to the tubular support member 2 1 5 thereby 
preventing the drag block assembly from sealing off the radial passage 2 1 5c. In an exemplary embodiment, during 
the placcmem of the apparams 200 within the wellbore 1 15 and the tubular member 120. the radial passage 2 1 5c 
permits fluidic materials outside of the tubular support member 2 1 5 to pass into the passage 2lSa thereby 
minimizing overpressure conditions within the annulus outside of the mbular support member. 

In an exemplary embodiment, the apparatus 200 is positioned within the expandable tobular member 120 
such that the expansion cone body 215g. the end stop 220, and the expansion cone segments 225 extend out of the 
expandable tubular member. In this manner, the expansion cone segments 225 may be driven up the tapered 
hexagomil portion 2l5gb of the expansion cone body 215g. thereby increasing the outside diameters of the 
expansion cone segments, without impacting the expandable tubular member 120. 



15 



wo 03/02J 1 78 PCT/lJS(»2/256< W 

The tubular support member 21 5 may then be rotated relative to the drag block assemblies. 235 and 255. 
thereby displacing the lugs. 215f and 215b. with respect to the J-shaped slots, 235d and 255e. respectively. The 
tubular support member 2 15 may then be displaced upwardly relative to the drag block assemblies. 235 and 255. in 
the longitudinal direction thereby disptocing the dn« block assemblies downwardly relative to the tubular support 
member. During the longitudinal upward displacement of the nibular support member 215 relative to the drag block 
assemblies. 235 and 255, the drag block assembUcs. 235 and 255. are maintained in a substantially stationary 
position with respect to the expandable tubular member 120 by the frictional forces exerted by the drag blocks, 235c 
and 255d. of the drag block assemblies on the expandable mbular member, and during the upward longitudinal 
displacemem of the tubular support member 215 relative to the drag block assemblies, the lugs. 215f and 2 1 5b, are 
guided in a substantially longitudinal direction by the J-slots, 235d and 255e. respectively, of the drag block 
assemblies. 

The downward longitudinal displacemem of the drag block assembly 235 relative to the tubular support 
member 215 displaces the split ring collar 230 downwardly along with the expansion cone segments 225. As a 
result, the expansion cone segments 225 are driven up the tapered hexagonal portion 215gb of the expansion cone 
support body 2 15g until the end faces of the expansion cone segments impact the stop member 220. As a result, the 
outside diameter of the expansion cone segments 225 increases. In an exemplary embodiment, once the expansion 
cone segments 225 impact the stop member 220. the outer surfeces. 225bb and 225bc, of the expansion cone 
segments prt>vide a substantially continuous outer surface in the circumferemial direction having a diameter that is 
grater than the inside diameter of the expandable tubular member 120. The downward longitudinal displacement of 
the drag block assembly 255 relative to the tubular support member 2 1 5 seals off the radial passage 2 1 5c thereby 
preventing the pressurized fluidic material 275 from entering the annulus surrounding the tubular support member 

215 through the radial passage. 

In an exemplary embodhnent. as illustrated in Figs. 2 and 2a-2f. the expandable tubular member 120 may 
then be radially expanded using the apparatus 200 by injecting a fluidic material 275 into the apparatus through the 
passages 205a, 210a, and 215a. The injection of the fluidic material 275 may pressurize the interior 120a of the 
expandable tubular member 120. In addition, because the packer cup assemblies. 240 and 250, seal off an annular 
region 120aa below the packer cup assemblies between the expandable tubular member 120 and the tubular support 
member 2 1 5. the injection of the fluidic material 275 may also pressurize the annular region. 

The continued injection of the fluidic material 275 may then pressurize the interior 120a of the expandable 
tubular member 120 thereby plastically deforming and radially expanding the expandable tubular member off of the 
expansion cone segmems 225r Because the outer surfaces. 225bb and 225bc. of the expansion cone segments 225 
are tapered, the plastic defonnation and radial expansion of the expandable tubular member 1 20 proximate the 
expansion cone segments is facilitated. Furthennore. in an exemplary embodiment, the continued injection of the 
fluidic material 275 also pressurizes the annular region 120aa defmed between the interior surface of the expandable 
tubular member 120 and the exterior surface of the tubular support member 215 Aat is bounded on the upper end by 
the packer cup assembly 240 and on the lower end by the expansion cone segments 225. Furthennore, in an 
exemplary embodiment, the pressurization of the annular region 120aa also radially expands the surroundmg portion 
of the expandable mbular member 120. In this manner, the plastic defonnation and radial expansion of the 
expandable tabular member 120 is enhanced. Furthennore, during operation of the apparanis 200. the packer cup 
assemblies 240 and 250 prevent the pressurized fluidic material 275 ftom passing above and beyond the packer cup 
assemblies and tfiereby define the length of the pressurized annular region 120aa. In an exemplary embodiment, the 
pressurization of the annular region 120aa decreases the operating pressures required for plastic defonnation and 
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radial expansion of the expandable tubular member 120 by as much as 50% and also reduces the angle of attack of 
the tapered external surfaces, 225bb and 225bc, of the expansion cone segments 225. 

The ladial expansion of the expandable tubular member 120 may then continue until the upper end 120b of 
the expandable tubular member b radially expanded and plastically deformed along with the overlapping ponion of 
the wellbore casing 1 10. Because the expansion cone segments 225 may be adjustable positioned from an outside 
diameter less than the inside diameter of the expandable tubular member 120 to an outside diameter substantially 
equal to the inside diameter of the prensxisting casing 1 10. the resulting wellbore casing, including the casing 1 10 
and the radially expanded tubular member 120. created by the operation of the apparatus 200 may have a single 
substantially constam inside diameter thereby providing a mono^iameter wellbore casing. 

If the expansion cone segments 225 become lodged within the tubular member 120 during the radial 
expansion process, the tubular support member 215 may be displaced downwardly in the longitudinal direction and 
then rotated relative to the drag block assemblies, 235 and 255, thereby positioning the lugs. 21 5b and 2 1 5f, within 
the retaining slots. 255ea and 235da, respectively, of the J-slots. 255e and 235d, respectively. As a resuU. the 
expansion cone segments 225 may be displaced down the tapered hexagomil portion 215gb of the expansion cone 
support body 21 5g and away from the end stop 220 thereby decreasing the external diameter of the expansion cone 
segments. In this mamier, the nibular support member 205, the tubular support member 210. the tububr support 
member 21 5, the end stop 220, the expansion cone segments 225. the split ring collar 230. the drag block assembly 
235. the pack cup assembly 240. the spacer 245, the packer cup assembly 250, and the drag block assembly 255 may 
then be removed from the tubular member 120. 

During the radial expansion process, the expansion cone segments 225 may be raised out of the expanded 
portion of the tubular member 1 20 by applying an upward axial force to the tubular support member 2 1 5. In a 
preferred embodiment, during the radial expansion process, the expansion cone segments 225 are raised at 
approximately the same rate as the tubular member 120 is expanded in orfer to keep the tubular member stationary 
relative to the new wellbore section 11 5. In an alternative preferred embodiment, the expansion cone segments 225 
are mainuined in a stationary position during the ladial expansion process thereby allowing the tubular member 120 
to be radially expanded and plastically defonned off of the expansion cone segments 225 and into the new wellbore 
section 1 15 under the force of gravity and the operating pressure of the interior of the tubular member 120. 

In a prefenwi embodiment, when the upper end portion of the expandable tubular member 120 and the 
lower portion of the wellbore casing 110 that overlap with one another are plastically deformed and radially 
expanded by the expansion cone segments 225. the expansion cone segments 225 are displaced out of the wellbore 
100 by both the operating |Srtfesure within the interior of the tubular member 120 and a upwardly directed axial force 

applied to the tubular support member 205. 

In a prefen«l embodiment, the operating pressure and flow rate of the fluidic material 275 is controllably 
ramped down when the expansion cone segments 225 reach the upper end portion of the expandable tubular member 
120. In diis manner, the sudden release of pressure caused by the complete radial expansion and plastic defonnation 
of the expandable mbular member 120 off of the expansion cone segments 225 can be minimized. In a prefeirsd 
embodiment, the operating pressure is reduced in a substantially linear fashion fiom 1 00% to about 1 0% during the 
end of the extrusion process beginning when the expansion cone segments 225 are within about 5 feet from 
completion of the extrusion process. 

Ahematively. or in combination, the v»all thickness of the upper end ponion of the expandable nibular 
member 120 is tapered in order to gradually reduce the required operating pressure for plastically deforming and 
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radially expanding the upper end portion of the tubular member. In this manner, shock loading of the apparams is at 
least reduced. 

Alternatively, or in combination, a shock absorber is provided in the tubular support member 205 in order 
to absorb the shock caused by the sudden release of pressure. The shock absorber may comprise, for example, any 
conventional commercially available shock absorber, bumper sub, or jars adapted for use in xvellbore operations. 

Ahemativcly. or in combination, an expansion cone catching structure is provided in the upper end portion 
of the expandable tubular member 120 in order to catch or at least decelerate the expansion cone segments 225. 

Alternatively, or in combination, during the radial expansion process, an upward axial force is applied to 
the tubular support member 21 5 sufficient to plastically defonn and radially expand the tubular member 120 off of 
the external surfaces, 225bb and 225bc, of the expansion cone segments 225. 

Ahematively, or in combination, in order to facilitate the pressurization of the interior I20a of the 
expandable tubular member by the injection of the fluidic materials 275. the region within the wellbore section 1 15 
below the apparams 200 may be fluidicly sealed off in a convention manner using, for example, a packer. 

Once the radial expansion process is completed, the tubular support member 205, the mbular support 
member 210, the nibular support member 215, the end stop 220, the expansion cone segments 225, the split ring 
collar 230, the drag block assembly 235, the pack cup assembly 240, the spacer 245, the packer cup assembly 250, 
and the drag block assembly 255 are removed from the wellbore 100. 

In an alternative embodiment, as illustrated in Figs. 2h and 2i, the J-slots, 235d and 255e, include one or 
more intermediate retaining slots, 235db and 255eb. respectively, that permit the relative longitudmal displacement 
of the tubular support member 2 1 5 relative to the drag block assemblies, 235 and 255, to be set at one or more 
intermediate stop positions. In this manner, the expansion segments 225 may be positioned at one or more 
intermediate positions on the tapered hexagonal portion 215gb of the expansion cone support body 215g thereby 
permitting the external diameter of the expansion cone segments 225 to be adjusted to one or more intermediate 
sizes. In this manner, the radial expansion and plastic deformation of the expandable tubular member 120 be 
provided in different operation stages, each having a different expansion diameter. Furthermore, if the expansion 
cone segments 225 become lodged within the expandable mbular member 120, then the position of the expansion 
cone segments may be adjusted to provide a smaller outside diameter and the radial expansion process may be 
continued by injecting the fluidic material 275 and/or applying an upward axial force to the tubular support member 
215. 

Referring to Figs. 3 and 3a-3j, an alternative embodiment of an apparams 300 for forming a wellbore 
casing in a subterranean fofm'ation will now be described. The apparams 300 includes a tubular support member 
305 defining an internal passage 305a that is coupled to an end of a tubular coupling 310 defining an internal 
passage 3 1 Oa. The other end of the tubular coupling 3 10 is coupled to an end of a nibular support member 3 1 5 
defining an internal passage 315a that includes a first flange 3 1 5b having oppositely tapered end-walls, 3 15ba and 
3 1 5bb, a second flange 3 1 5c, a radial passage 3 1 5d, a third flange 3 1 5e, a fourth flange 3 1 5f, a fifth flange 3 1 5g 
having oppositely tapered end-walls. 315ga and 3l5gb, a fifth flange 31 5h, and an expansion cone support body 
3 1 5i. The other end of the nibular support member 3 1 5 is coupled to a tubular end stop 320 that defines a passage 
320a. 

As illustrated in Figs. 3d and 3e. the expansion cone support body 3l5i inchides a first end 315ia, a tapered 
hexagonal portion 31 Sib that includes a plurality of T-shaped slots 31 5iba provided on each of the external faceted 
surfeces of the tapered hexagonal portion, and a second end 3l5ic. In an exemplary embodiment, the angle of attack 
of the tapered hexagonal portion 3 15ib ranges from about 35 to 50 degrees for reasons to be described. 
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As illustrated in Figs. 3, 3a-3c, and 3f-3h, a plurality of expansion cone segments 32S are provided that 
include first ends 325a that include T-shaped retaining members 325aa and second ends 325b that include T-shaped 
retaining members 325ba that mate with and arc received within corresponding T-shaped slots 3 1 5iba on the tapered 
hexagonal portion 3 15ib of the expansion cone support body 3l5i, first external surfaces 325bb, second external 
surfaces 325bc, and third external surfaces 325bd. Thus, in an exemplary embodiment, a total of six expansion cone 
segmente 325 are provided that are slidably coupled to corresponding sides of the tapered hexagonal portion 3 1 Sib 

of the expansion cone support body 3 15i. 

In an exemplary embodiment, the widths of the first external surfaces 325bb of the expansion cone 
segments 325 increase in the direction of the second external surfaces 325bc, the widths of the second external 
surfaces are substantially constant, and the widtiis of the third external surfaces 325bd decrease in the direction of 
the first ends 325a of the expansion cone segments for reasons to be described. In an exemplary embodiment, the 
first external surfaces 325bb of the expansion cone segments 325 taper upwardly in the direction of the second 
external surfaces 325bc, the second external surfaces taper upwardly in the direction of the third external surfaces 
325bd, and tfie third external surfaces 325bd taper downwardly in the direction of the first ends 325a of the 
expansion cone segments for reasons to be described. In an exemplary embodiment, the angle of attack of the taper 
of the first external surfaces 325bb of the expansion cone segmenu 325 are greater than the angle of attack of the 
taper of the second external surfaces 325bc. In an exemplary embodiment, the first and second external surfaces. 
325bb and 325bc, of the expansion cone segments 325 are arcuate such that when the expansion cone segments 325 
are displaced in the direction of the end stop 320, the fu^t and second external surfaces of the expansion cone 
segments provide a substantially continuous outer circumferential surface for reasons to be described. 

As illustrated in Fig. 3i, in an exemplary embodiment, the external surfaces. 325bb, 325bc, and 325bd, of 
the second ends 325b of the expansion cone segments 325 are adapted to mate with one another in order to interlock 
adjacent expansion cone segments. 

A split ring collar 330 that defines a passage 330a for receiving the tubular support member 315 is provided 
that includes a first end that includes plurality of T-shaped slou 330b for receiving and mating with corresponding 
T-shaped retaining members 325aa of the expansion cone segments 325 and a second end that includes an L-shaped 
retaining member 330c. In an exemplary embodiment, the split ring collar 330 is a conventional split ring collar 
commercially available from Halliburton Energy Services modified in accordance with the teachings of the present 
disclosure. 

A collet assembly 335 is provided that includes a support ring 335a that defines a passage 335aa for 
receiving the tubular suppcrtttnember 3 1 5 and is coupled to an end of a resilient collet 335b having upper and lower 
sets of oppositely tapered shoulders, 335ba and 335bb, and. 335bc and 335bd, respectively, that is positioned 
proximate the fourth flange 3 1 5g of the tubular support member 3 1 5. The other end of the collet 335b is coupled to 
an end of a tubular sleeve 335c that defines a passage 335ca. The other end of the tubular sleeve 335c is coupled to 
an end of a pin 335d. The other end of the pin 335d is coupled to a ring 335e that defines a passage 335ea for 
receiving the fifth flange 3 1 5h of the tubular support member 3 1 5. An end of a tubular coupling sleeve 335f that 
defines a passage 335fa for receiving the tubular support member 3 1 5 is received within the opening 335ca of the 
tubular sleeve 335c that includes a recess 335fb for receiving the fifth flange 3 15h of the tubular support member 
3 1 5 and the ring 335e. and a radial passage 335fc for receiving the pin 335d- Another end of the tubular coupling 
sleeve 335f includes a passage 335fd for receiving the tubular support member 3 15 and a slot 335fe for receiving the 
L-shaped retaining member 330c of the split ring collar 330. A ring 335g that defines a passage 335ga for receiving 
the tubular support member 3 1 5, a spring 335h. and a ring 335i that defmes a passage 335ia for receiving the tubular 
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suppon member 3 15 are also received whhin the recess 335fb. The ring 335g is positioned proximate one end of the 
recess 335fb, the ring 335i is positioned proximate the fifth flange 3 1 5h of the tubular suppon member 3 1 5 within 
the other end of the recess, and the spring 335h is positioned between the rings. 

A first conventional packer cup assembly 340 that defines a passage 340a for receiving the mbular support 
member 3 1 5 includes a first end 340b that mates with the fourth flange 3 1 5f of the mbular support member, a 
conventional sealing cup 340c. and a second end 340d. A tubular spacer 345 that defines a passage 345a for 
receiving the tubular support member 3 1 5 includes a first end 345b that mates with the second end 340d of the first 
packer cup assembly 340 and a second end 345c. A second conventional packer cup assembly 350 that defines a 
passage 350a for receiving the tubular support member 315 includes a first end 350b that mates with the second end 
345c of the spacer 345, a conventional sealing cup 350c, and a second end 350d that mates with the third flange 

3 1 Se of the tubular support member. 

A collet assembly 355 is provided that includes a support ring 355a that defines a passage 355aa for 
receiving the nibular support member 3 1 5 and is coupled to an end of a resilient collet 355b having upper and lower 
sets of oppositely tapered shoulders. 355ba and 355bb, and, 355bc and 355bd, respectively, that is positioned 
proximate the first flange 3 15b of the tubular support member 3 1 5. The other end of the collet 355b is coupled to an 
end of a tubular sleeve 355c that defines a passage 355ca. The other end of the tubular sleeve 355c is coupled to an 
end of a pin 355d. Tlie other end of the pin 355d is coupled to a ring 355e that defines a passage 355ea for receiving 
the second fiange 3 1 5c of the tubular suppon member 3 1 5. An end of a tubular sleeve 355f that defines a passage 
355fa for receiving the tubular support member 315 is received within the opening 355ca of the tubular sleeve 355c 
that includes a recess 355fb for receiving the second flange 3 1 5c of the tubular support member 3 1 5 and the ring 
355e. and a radial passage 355fc for receiving the pin 355d. Another end of the tubular sleeve 355f includes a 
passage 355fd for receiving the tubular support member 315, a recess 355fe for receiving an end of the nibular 
sleevr355c. and sealing membere 355ff. A ring 355g that defines a passage 355ga for receiving the tubular support 
member 3 15 and a spring 355h are also received within the recess 355fb. An end of the ring 355g is positioned 
proximate the second flange 3 1 5c of the tubular support member 3 1 5 within an end of the recess 355fl> and the other 
end of the ring is positioned an end of the spring 355h. The other end of the spring 355h is positioned proximate the 

other end of the recess 355fl>. 

In an exemplary embodiment, during operation of the apparams 300, as illustrated in Figs. 3 and 3a-3j. the 
apparatus may be initially positioned in the wellbore 100. within the casing 1 10. with the collet assemblies 335 and 
355 positioned in a neutral posiUon in which the radial passage 3 1 5d of the tubular support member 3 1 5 is not 
covered by the tubular sle^wf 355f and the expansion cone segments 325 are not driven up the tapered hexagonal 
portion 3 1 Sib of the expansion cone support body 3 1 5i of the tubular suppon member 3 1 5 into contact with the stop 
member 320. In this manner, fluidic materials within the interior 3 1 5a of the tubular support member 3 1 5 may pass 
thnwgh the radial passage 315d into the annulus between the apparatus 300 and the casing 1 10 thereby preventing 
; over pressuriration of the annuhis. Furthermore, in this manner, the outside diameter of the expansion cone 

segments 325 is less than or equal to the outside diameter of the stop member 320 thereby permitting the apparatus 

300 to be displaced within the casing 1 1 0. 

As illustrated in Figs. 4, and 4a-4d, the apparanis 300 may then be positioned in the tubular member 120. 
During the insertion of the apparatus into the tubular member 120, the upper end I20b of the mbular member may 
D impact the tapered shoulders, 335bb and 355bb. of the collets, 335b and 355b, respectively, thereby driving the 
collets backwanl until the tapered shoulders. 335bd and 355bd. of the collets are positioned proximate the tapered 
shoulders. 31 5ea and 315ba. respectively, of the nibular support member. As a result, the support rings. 335a and 
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355a, the collets, 335b and 355b, the tubular sleeves, 335c and 355c, the pins. 335d and 355d, the rings, 335e and 
355c, and the rings, 335g and 355g. of the collet assemblies, 335 and 355, respectively, are driven backward, 
compressing the springs, 335h and 355h, thereby applying axial biasing forces to the tubular coupling sleeve 335f 
and the tubular sleeve 355f, respectively. In this manner, an axial biasing force is applied to the split ring collar 330 
and the expansion cone segments 325 that prevents the expansion cone segments from being driven up the tapered 
hexagonal portion 31 Sib of the expansion cone support body 31 Si of the tubular support member 315 into contact 
with the stop member 320. Thus, the outside diameter of the expansion cone segments 325 is maintained in a 
position that is less than the inside diameter of the mbular member 120 thereby permining the apparatus 300 to be 
displaced within the mbular member. Furthermore, in this manner, an axial biasing force is applied to the tubular 
sleeve 355f thereby preventing the tubular sleeve from covering the radial passage 3 ISd in the tubular support 
member 315. Thus, fluidic materials within the interior 315a of the tubular support member 315 may pass through 
the radial passage 3 1 5d into the annulus between the apparatus 300 and the tubular member 1 20 thereby preventing 

over pressurization of the annulus. 

The apparanis 300 may then be at least partially positioned in the open hole section 11 5a of the wellbore 
section 1 15. beyond the lower end 120c of the tubular member 120. In an exemplary embodiment, that portion of 
the apparatus 300 that includes the stop member 320. the expansion cone segments 325, the split ring collar 330, the 
collet assembly 335. the packer cup assembly 340. the spacer 345, the packer cup assembly 350. and the collet 
assembly 355 is then positioned in the open hole section 1 15a of the wellbore section 1 15, beyond the lower end 
120 of the tubular member for reasons to be described. Because the collets, 335b and 355b. are resilient, once the 
apparatus 300 has been positioned in the open hole section 11 5a of the wellbore section 1 15, beyond the lower end 
120c of the tubular member 120, the tapered shoulders, 335ba and 355ba. of the collets may spring outwardly in the 
radial direction. 

The apparatus 300 may then be repositioned at least partially back within the tubular member 120. During 
the reinsertion of the apparatus into the tubular member 120. the lower end 120c of the tubular member may impact 
the tapered shoulders, 335ba and 355ba, of the collets, 335b and 355b. respectively, thereby driving the collets 
forward until the tapered shoulders, 335bc and 355bc, of the collets are positioned proximate the tapered shoulders, 
3 1 Sgb and 3 1 5bb, respectively, of the tubular support member 315. As a result, the support rings. 335a and 355a. 
the collets. 335b and 355b. the tubular sleeves, 335c and 355c. the pins. 335d and 355d. the rings. 335e and 355c. 
the tubular coupling sleeve 335f. the tubular sleeve 355f, the rings, 335g and 355g, and the ring 335i of the collet 
assemblies, 335 and 355, respectively, are driven forward, thereby compressing the springs, 335h and 355h, thereby 
sealing off the radial passa|e'3 15d and driving the expansion cone segments 325 up the tapered hexagonal portion 
3 1 Sib of the expansion cone support body 3 1 Si of the tubular support member 3 1 5 into contact with the slop 
member 320. 

As a result, the outside diameter of the expansion cone segments 325 is now greater than the inside 
diameter of expandable tubular member 120 thereby permitting the apparanis 300 to be used to radially expand and 
plastically deform the tubular member, and fluidic materials within die interior 315a of the tubular support member 
315 may no longer pass tiirough the radial passage 31 5d into the annulus between the apparatus 300 and the tubular 
member thereby permitting the interior of the apparatus to be pressurized. 

The apparatus 300 may then be operated to radially expand and plastically deform the mbular member 120 
by applying an upward axial force to the mbular support member 315 and/or by injecting a pressurized fluidic 
material into the tubular support member. 
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in particular, as illustrated in Figs. 5 and 5a-5d, the expandable tubular member 120 may then be radially 
expanded using the apparatus 300 by injecting a fluidic material 275 into the apparatus through the passages 305a, 
3 10a, 3 15a, and 320a. The injection of the fluidic material 275 may pressurize the interior 120a of the expandable 
tubular member 120. In addition, because the packer cup assemblies, 340 and 350, seal off an annular region I20aa 
below the packer cup assemblies bet^veen the expandable tubular member 120 and the tubular support member 3 1 5, 
the injection of the fluidic material 275 may also pressurize the annular region. 

The continued injection of the fluidic material 275 may then pressurize the interior 120a of the expandable 
tubular member 120 thereby plastically deforming and radially expanding the expandable tubular member off of the 
expansion cone segments 325. Because the outer surfaces, 325bb and 325bc, of the expansion cone segments 325 
are tapered, the plastic deformation and radial expansion of the expandable tubular member 120 proximate the 
expansion cone segments is facilitated. Furthermore, in an exemplary embodiment, the continued injection of the 
fluidic material 275 also pressurizes the annular region 120aa defined between the interior surface of the expandable 
nibular member 120 and the exterior surface of the tubular support member 315 that is bounded on the upper end by 
the packer cup assembly 340 and on the lower end by the expansion cone segments 325. Furthermore, in an 
exemplary embodiment, the pressurization of the annular region 120aa also radially expands at least a portion of the 
surrounding portion of the expandable tubular member 120. In this manner, the plastic deformation and radial 
expansion of the expandable tubular member 120 is enhanced. Furthermore, during operation of the apparams 300, 
the packer cup assemblies 340 and 350 prevent the pressurized fluidic material 275 from passing above and beyond 
the packer cup assemblies and thereby define the lenglh of the pressurized annular region 120aa. In an exemplary 
embodiment, the pressurization of the annular regiori 120aa decreases the operating pressures required for plastic 
deformation and radial expansion of the expandable tubular member 120 by as much as 50% and also reduces the 
angle of attack of the tapered external surfaces, 325bb and 325bc, of the expansion cone segments 325. 

The radial expansion of the expandable tubular member 120 may then continue until the upper end 120b of 
the expandable nibular member is radially expanded and plastically deformed along with the overlapping portion of 
the wellborc casing 1 10. Because the expansion cone segments 325 may be adjustable positioned from an outside 
diameter less than the inside diameter of the expandable mbular member 120 to an outside diameter substantially 
equal to the inside diameter of the pre-existing casing 1 10, the resulting wellbore casing, including the casing 1 10 
and the radially expanded tubular member 120, created by the operation of the apparatus 300 may have a single 
substantially constam inside diameter thereby providing a mono-diameter wellbore casing. 

During the radial expansion process, the expansion cone segments 325 may be raised out of the expanded 
portion of the tubular member 120 by applying an upward axial force to the tubular support member 315. In a 
preferred embodiment, during the radial expansion process, the expansion cone segments 325 arc raised at 
approximately the same rate as the tubular member 120 is expanded in order to keep the tubular member stationary 
relative to the new wellbore section 1 15. 

In a preferred embodiment, when the upper end portion of the expandable tubular member 1 20 and the 
lower portion of the wellbore casing 1 10 that overlap with one another are plastically deformed and radially 
expanded by the expansion cone segments 325, the expansion cone segments are displaced out of the wellbore 100 
by both the operating pressure within the interior of the tubular member 1 20 and a upwardly directed axial force 
applied to the tubular support membo' 305. 

In a preferred embodiment the operating pressure and flow rate of the fluidic material 275 is controllably 
ramped down when the expansion cone segments 325 reach the upper end portion of the expandable tubular member 
120. In this manner, the sudden release of pressure caused by the complete radial expansion and plastic deformation 
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of the expandable tubular member 120 off of the expansion cone segments 325 can be minimized. In a preferred 
embodiment, the operating pressure is reduced in a substantially linear fashion from 100% to about 10% during the 
end of the extrusion process beginning when the expansion cone segments 325 are within about 5 feet from 

completion of the extrmion process. 

Alternatively, or in combination, the wall thickness of the upper end portion of the expandable tubular 
member 1 20 is tapered in order to gradually reduce the required operating pressure for plastically deforming and 
radially expanding the upper end portion of the tubular member. In this manner, shock loading of the apparattjs is at 
least reduced. 

Alternatively, or in combination, a shock absorber is provided in the mbular support member 305 in order 
to absorb the shock caused by the sudden release of pressure. The shock absorber may comprise, for example, any 
conventional commercially available shock absorber, bumper sub, or jars adapted for use in wellbore operations. 

Alternatively, or in combination, an expansion cone catching structure is provided in the upper end portion 
of the expandable ttibular member 120 in order to catch or at least decelerate the expansion cone segments 325. 

Alternatively, or in combination, during the radial expansion process, an upward axial force is applied to 
the mbular suppwt member 3 1 5 sufficient to plastically deform and radiaUy expand the nibular member 120 off of 
the external surfaces, 225bb and 225bc, of the expansion cone segments 325. 

Alternatively, or in combination, in order to facilitate the pressurization of the interior 1 20a of the 
expandable nibular member by the injection of the fluidic materials 275, the region within the wellbore section 1 15 
below the apparams 300 may be Ouidicly sealed off in a convention manner using, for example, a packer. 

Once the radial expansion process is completed, the mbular support member 305, the nibuJar support 
member 3 10, Ae tubular support member 3 1 5, the end stop 320, the expansion cone segments 325, the split ring 
collar 330. the collet assembly 335, the packer cup assembly 340, the spacer 345, the packer cup assembly 350. and 
the collet assembly 355 are removed from the wellbores 100 and 1 15. 

Referring to Figs. 6 and 6a-6k, an ahemative embodiment of an apparams 400 for forming a wellbore 
casing in a subterranean formation will now be described. The apparams 400 includes a mbular support member 
405 defming an internal passage 405a that is coupled to an end of a mbular coupling 4 1 0 defining an internal 
passage 4 1 Oa. The other end of the mbular coupling 4 1 0 is coupled to an end of a tubular support member 4 1 5 
defining an internal passage 4 15a that includes a first flange 415b, a first radial passage 41 5c. a second radial 
passage 4 1 5d, a second flange 4 1 5e, a stepped flange 4 1 5f, a third flange 4 1 5g, a fourth flange 4 1 5h, a fifth flange 
415i, and an expansion cone body 415j, The other end of the mbular support member 415 is coupled to a tubular 
end stop 420 that defines arpdssage 420a. 

As illustrated in Figs. 6e and 6f, the expansion cone support body 4 1 5j includes a first end 4 1 5ja, a tapered 
hexagonal portion 415jb that includes a plurality of T-shaped slots 415Jba provided on each of the external faceted 
surfaces of the tapered hexagonal portion, and a second end 4!5jc. In an exemplary embodiment, the angle of attack 
of the tapered hexagonal portion 41 5jb ranges from about 35 to 50 degrees for reasons to be described. 

As illustrated in Figs. 6, 6a-6d, and 6g-6i, a plurality of expansion cone segments 425 are provided that 
include first ends 425a that include T-shaped retaining members 425aa and second ends 425b that include T-shaped 
retaining members 425ba that mate with and are received within corresponding T-shaped slots 4 15jba on the upered 
hexagonal portion 4 1 5jb of the expansion cone support body 4 1 5j, first external surfaces 425bb. second external 
surfaces 425bc, and third external surfaces 425bd. Thus, in an exemplary embodiment, a total of six expansion cone 
segments 425 are provided that are slidably coupled to corresponding sides of the tapered hexagonal portion 4 1 5jb 
of the expansion cone support body 415j. 
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In an exemplary embodiment, the widths of the first external surfaces 425bb of the expansion cone 
segments 425 increase in the direction of the second external surfaces 425bc. the widths of the second external 
surfaces arc substantially constant, and the widths of the third external surfaces 425bd decrease in the direction of 
the first ends 425a of the expansion cone segments for reasons to be described. In an exemplary embodiment, the 
first external surfaces 425bb of the expansion cone segments 425 taper upwardly in the direction of the second 
external surfaces 425bc, the second external surfaces taper upwardly in the direction of the third external surfaces 
425bd. and the third external surfaces 425bd taper downwardly in the direction of the first ends 425a of the 
expansion cone segments for reasons to be described. In an exemplary embodiment, the angle of attack of the taper 
of the first external surfaces 425bb of the expansion cone segmenu 425 are greater than the angle of anack of the 
taper of the second external surfeces 425bc. In an exemplary embodiment, the first and second external surfaces. 
425bb and 425bc. of the expansion cone segments 425 are arcuate such that when the expansion cone segments 425 
are displaced in the direction of the end stop 420, the first and second external surfaces of the expansion cone 
segments provide a substantiaUy continuous outer circumferential surface for reasons to be described. 

As illustrated in Fig. 6j. in an exemplary embodiment, the external surfaces. 425bb, 425bc, and 425bd. of 
the second ends 425b of the expansion cone segments 425 are adapted to mate with one another in order to interlock 

adjacent expansion cone segments. 

A split ring collar 430 that defines a passage 430a for receiving the tubular support member 4 1 5 is provided 
that includes a first end that includes plurality of T-shaped slots 430b for receiving and mating with coiresponding 
T-shaped retaining members 425aa of the expansion cone segments 425 and a second end that includes an L-shaped 
retaining member 430c. In an exemplary embodiment, the split ring collar 430 is a conventional split ring collar 
commercially available from HaUiburton Energy Services modified in accordance with the teaching? of the present 
disclosure. 

A dog assembly 435 is provided that includes a tubular sleeve 435a that defines a passage 435aa for 
receiving the tubular support member 415 that includes a first end that includes a slot 435ab for receiving and 
mating with the L-shaped retaining member 430c of the split ring collar 430, a radial passage 435ac, and a recess 
435ad for receiving the fifth flange 415a of the tubular support member 4 15. A second end of the tubular sleeve 
435a includes a flange 435ae that mates with the fourth flange 4l5h of the tubular support member 415. A retaining 
ring 435b that defines a passage 435ba for receiving the fifth flange 4 1 5i is received within the recess 435ad of the 
tubular sleeve 435a and is coupled to an end of a load transfer pin 435c. The opposite end of the load transfer pin 
435c is received within the radial passage 435ac of the tubular sleeve 435a and is coupled to an end of a tubular 
sleeve 435d that includes recess 435da at a fu^st end for receiving the tubular sleeve 435a, and a radial opening 
435dc for receiving a conventional resilient dog 435e. A spring 435f and a ring 435g that defines a passage 435ga 
for receiving the tubular support member 4 15 are received within the recess 435ad of the mbular sleeve 435a 
between a first end of the recess and the fifth flange 4 15i of the nibular support member. 

A first conventional packer cup assembly 440 that defines a passage 440a for receiving the tubular support 
member 4 1 5 includes a first end 440b that mates with Uie fourth flange 4 1 5g of the mbular support member, a 
conventional sealing cup 440c, and a second end 440d. A mbular spacer 445 that defines a passage 445a for 
receiving the tubular support member 4 15 includes a first end 445b that mates with the second end 440d of the first 
packer cup assembly 440 and a second end 445c. A second conventional packer cup assembly 450 that defines a 
) passage 450a for receiving the tubular support member 4 1 5 includes a first end 450b that mates with the second end 
445c of the spacer 445, a conventional sealing cup 450c. and a second end 450d that mates with the stepped flange 
4 1 5f of the tubular support member. 
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A dog assemWy 455 is provided that includes a tubular sleeve 455a that defines a passage 455aa for 
receiving the wbular support member 415. A first end of the tubular sleeve 455a includes a radial opening 453ab for 
receiving a conventional resilient dog 455b. A second end of the tubular sleeve 455a includes a i«ces5 455ac and is 
coupled to an end of a load transfer pin 455c. The opposite end of the load transfer pin 455c is coupled to a 
retaining ring 455d that defines a passage 455da for receiving the tubular support member 4 1 5. A tubular sleeve 
455e is received within the recess 455ac of the tubular sleeve 4S5a that defines a passage 455ea for receiving the 
tubular support member 415 and includes a first end that includes a radial passage 455eb for receiving the load 
transfer pin 455c and a recess 455ec for receiving a spring 455f A ring 455g that defines a passage 455ga for 
receiving the tubular suppoit member 41 5 is fiirthcr received within the recess 455ec of the tubular sleeve 455e 
between the spring 455f and the second flange 415e of the tubular suppon member 415. A second end of the tubular 
sleeve 455e includes a radial passage 455ed, scaling members, 455ef and 455eg, and a recess 455eh that mates with 
the fu-st flange 4l5b of the tubular suppoit member 415. 

In an exemplary embodiment, during operation of the apparatus 400. as illustrated in Figs. 6 and 6a-6k. the 
apparatus may be initially positioned in the wellbore 100. within the casing 1 10. with the dog assemblies 435 and 
455 positioned inaneutral position in which the radial passage 41 Sdofthe tubular support member 4 15 isfluidicly 
coupled to the radial passage 455ed of the dog assembly 455 and the expansion cone segments 425 are not driven up 
the tapered hexagonal portion 415jb of the expansion cone support body 415j of the tubular suppon member 415 
into contact with the stop member 320. In this manner, fluidic materials within the interior 4 1 5a of the wbular 
support member 415 may pass through the radial passages. 415d and 455ed. mto the araiulus between the apparatus 
400 and the casing 1 10 thereby preventing over pressurization of the annulus. Furthennore. in this manner, the 
outside diameter of the expansion cone segments 425 is less than or equal to the outside diameter of the stop 
member 420 thereby permitting the apparatus 400 to be displaced within the casing 1 10. 

As illustrated in Figs. 7, and 7a-7c. the apparatus 400 may then be positioned in the tubular member 120. 
During the insertion of the apparatus into the mbular member 120. the upper end 120b of the tubular member may 
impact the ends of the resilient dogs, 435e and 455b. of the dog assemblies, 435 and 455. respectively, thereby 
driving the rcsilicm dogs. 435e and 455b. backwards off of and adjacent to one side of the flanges. 4 1 5h and 4 1 5f, 
respeaively . As a result of the backward axial displacemem of the resiliem dog 43Se. the tubular sleeve 435d. the 
pin 435c. the retaining ring 435b. and the ring 435g of the dog assembly 435 are driven backward thereby 
compressing the spring 435f and applying an axial biasing force to the tubular sleeve 435a that prevents the 
expansion cone segments 425 from being displaced toward the end stop 420. As a result of the backward axial 
displacement of the resilient-dog 455b. the tubular sleeve 455a. the pin 455c the retaining ring455d. and the ring 
4S5g of the dog assembly 455 are driven backward thereby compressing the spring 455f and applying an axial 
biasing force to the tubular sleeve 455e that prevents the radial passages, 415d and 455ed from being fluidicly 
decoupled. 

The ^paratus 400 may then be at least partially positioned in the open bole section 1 15a of the wellbore 
section 1 1 5, beyond the lower end 120c of the tubular member 120. In an exemplary embodiment, that portion of 
the apparanis 400 that includes the stop member 420, the expansion cone segments 425, the split ring collar 430, the 
dog assembly 435, the packer cup assembly 440. the spacer 445, the packer cup assembly 450. and the dog assembly 
455 is then positioned in the open hole section 1 15a of the wellbore section 1 15, beyond the lower end 120 of the 
Wbular member for reasons to be described. Because the dogs. 435e and 455b. of the dog assemblies, 435 and 455. 
respectively, art resilient, once the apparanis 400 has been positioned in the open hole section 1 15a of the wellbore 
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section 1 15, beyond the lower end I20c of the tubular member 120, tfie resilieni dogs, 435e and 455b. of the dog 
assemblies may spring outwardly in the radial direction. 

The apparatus 400 may then be repositioned at least partially back within the tubular member 120. During 
the re-insertion of the ^paratus into the tubular member 120, the lower end 120c of the tubular member may impact 
the ends of the resilient dogs. 435c and 455b, of the dog assemblies, 435 and 455, respectively, thereby driving the 
resilient dogs forward until the resilient dogs are positioned beyond and adjacent to the other side of the flanges, 
4 1 5h and 4 1 5f , of the mbular support member 415. 

As a result, of the forward axial displacement of the resilient dog 435e, the tubular sleeve 435a, the 
retaining ring 435b, the pin 435c, the tubular sleeve 435d, the spring 435f, and the ring 435g of the dog assembly 
435 are displaced in the forward axial direction thereby also displacing the split ring collar 430 and the expansion 
cone segments 425 in the forward axial direction. As a result, the expansion cone segmems 425 are driven up the 
tapered hexagonal poition 4 1 5jb of the expansion cone support body 4 1 5j of the tubular support member 4 1 5 imo 

contact with the stop member 320. 

As a result of the forward axial displacement of the resilient dog 455b, the tubular sleeve 455a, the pin 
455c, die retaining ring 455d. the tubular sleeve 455e, the spring 455f, and the ring 455g of the dog assembly 455 
are driven forward in the axial direction thereby fluidicly decoupling the radial passages, 41 5d and 455ed. and 
fluidicly coupling the radial passages 41 5c and 415d. As a result fluidic materials within the tubular support 
member 415 may not pass into the annulus between the tubular support member and the tubular member 120. 

As a result of the forward axial displacement of the resilient dog 435e, the outside diameter of the 
expansion cone segments 425 is now greater than the inside diameter of expandable tubular member 120 thereby 
permitting the apparatus 400 to be used to radially expand and plastically deform the tubular member, and fluidic 
materials within the interior 4 1 5a of the tubular support member 415 may no longer pass through the radial 
passages, 415d and 455ed, into tfie annulus between the apparatus 400 and the tubular member thereby permitting 
the interior of the apparatus to be pressurized. 

The apparams 400 may then be operated to radially expand and plastically deform the tubular member 120 
by applying an upward axial force to the tubular support member 4 1 5 and/or by injecting a pressurized fluidic 
material into the tubular support member. 

In particular, as illustrated in Figs. 8 and 8a-8d, the expandable tubular member 120 may then be radially 
expanded using the apparatus 400 by injecting a fluidic material 275 into the apparatus through the passages 405a, 
3 10a, 4l5a, and 420a. The injection of the fluidic material 275 may pressurize the interior 120a of the expandable 
tubular member 120. In adaifion, because the packer cup assemblies, 440 and 450. seal off an annular region I20aa 
below the packer cup assemblies between the expandable tubular member 120 and the tubular support member 415. 
the injection of the fluidic material 275 may also pressurize the annular region. 

The continued injection of the fluidic material 275 may then pressurize the interior 1 20a of the expandable 
tubular member 120 thereby plastically deforming and radially expanding the expandable tubular member off of the 
expansion cone segments 425. Because the outer surfaces, 425bb and 425bc, of the expansion cone segments 425 
are tapered, the plastic deformation and radial expansion of the expandable tubular member 120 proximate the 
expansion cone segments is facilitated. Furthermore, in an exemplary embodiment, the continued injection of the 
fluidic material 275 also pressurizes the annular region I20aa defined between the interior surface of the expandable 
tubular member 120 and the exterior surface of the tubular support member 415 that is bounded on the upper end by 
the packer cup assembly 440 and on the lower end by the expansion cone segments 425. Furthermore, in an 
exemplary embodiment, the pressurization of the annular region I20aa also radially expands at least a portion of the 
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surrounding ponion of the expandable tubular member 120. In this manner, the plastic defonnaiion and radial 
expansion of the expandable tubular member 120 is enhanced. Furthermore, during operation of the apparatus 300. 
the packer cup assemblies 440 and 450 prevent the pressurized fluidic material 275 from passing above and beyond 
the packer cup assemblies and thereby define the length of the pressurized annular region 120aa. In an exemplary 
embodiment, the pressurization of the annular region 120aa decreases the operating pressures required for plastic 
deformation and radial expansion of the expandable tubular member 120 by as much as 50% and also reduces the 
angle of anack of the tapered external surfaces, 425bb and 425bc, of the expansion cone segments 425. 

The radial expansion of the expandable tubular member 120 may then continue until the upper end 120b of 
the expandable tubular member is radially expanded and plastically deformed along with the overlapping portion of 
the wellbore casing 1 10. Because the expansion cone segments 425 may be adjustably positioned from an outside 
diameter less than the inside diameter of the expandable tubular member 120 to an ouuide diameter substantially 
equal to the inside diameter of the pre-existing casing 1 10. the resulting wellbore casing, including the casing 1 10 
and the radially expanded tubular member 120, created by the operation of the apparatus 400 may have a single 
substantially constant inside diameter thereby providing a mono-diameter wellbore casing. 

During the radial expansion process, the expansion cone segments 425 may be raised out of the expanded 
portion of the tubular member 120 by applying an upward axial force to the tubular support member 4 1 5. In a 
preferred embodiment, during the radial expansion process, the expansion cone segments 425 are raised at 
approximately the same rate as the nibular member 120 is expanded in order to keep the tubular member stationary 

relative to the new wellbore section 115. 

In a preferred embodiment, when the upper end portion of the expandable tubular member 120 and the 
lower portion of the wellbore casing 1 10 that overia^) with one another are plastically deformed and radially 
expanded by the expansion cone segments 425, the expansion cone segments are displaced out of the wellbore 100 
by both the operating pressure within the interior of the tubular member 120 and a upwardly directed axial force 
applied to the tubular support member 405. 

In a preferred embodiment, the operating pressure and flow rate of the fluidic material 275 is controllably 
ramped down when the expansion cone segments 425 reach the upper end portion of the expandable tubular member 

120. In this manner, the sudden release of pressure caused by the complete radial expansion and plastic deformation 
of the expandable tubular member 120 off of the expansion cone segments 425 can be minimized. In a preferred 

embodiment, the operating pressure is reduced in a substantially linear fashion from 100% to about 10% during the 

end of the extrusion process beginning when the expansion cone segments 425 are within about 5 feet from 

completion of the extnisioif fTrocess. 

Alternatively, or in combination, the wall thickness of the upper end portion of the expandable tubular 

member 1 20 is tapered in order to gradually reduce the required operating pressure for plastically deforming and 

radially expanding the upper end portion of the tubular member. In this manner, shock loading of the apparatus is at 

least reduced. 

Alternatively, or in combination, a shock absorber is provided in the tubular support member 405 in order 
to absorb the shock caused by the sudden release of pressure. The shock absorber may comprise, for example, any 
conventional commercially available shock absorber, bumper sub. or jars adapted for use in wellbore operations. 

* Alternatively, or in combination, an expansion cone catching structure is provided in the upper end ponion 
of the expandable tubular member 120 in order to catch or at least decelerate the expansion cone segments 425. 
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Alternatively, or in combination, during the radial expansion process, an upward axial force is applied to 
the nibular support member 415 sufficient to plastically deform and radially expand the tubular member 120 off of 
the external surfaces, 225bb and 225bc, of the expansion cone scgmenU 425. 

Alternatively, or in combination, in order to facilitate the pressurization of the interior I20a of the 
expandable tubular member by the injection of the fluidic materials 275. the region within the wellbore section 1 15 
below the apparatus 400 may be fluidicly scaled off in a convention manner using, for example, a packer. 

Once the radial expansion process is completed, the tubular support member 405. the tubular support 
member 410, the tubular support member 415. the end stop 420. the expansion cone segments 425, the split ring 
collar 430. the dog assembly 435. the packer cup assembly 440. the spacer 445, the packer cup assembly 450, and 
the dog assembly 455 are removed from the wcllbores 100 and 1 15. 

Referring now to Figs. 9. 9a, 10 and 10a. an embodiment of an adjustable expansion cone assembly 500 
will be described. The assembly 500 tacludes a tubular support member 505 that defines a passive 505a and 
includes a flanee 505b. an expansion cone support flange assembly 505c. and an end stop 505d. The expansion 
cone support flange assembly 505c includes a tubular body 505ca and a plurality of equally spaced apart expansion 
cone segment support members 505cb that extend outwardly from the tubular body in the radial direction that each 
include identical bases 505cba and extensions 505cbb. The support members 505cb further include first sections 
505cbc having arcuate conical outer surfaces and second sections 505cbd having arcuate cylindrical outer surfaces 

for reasons to be described. 

An expansion cone segment assembly 5 10 is provided that includes a tubular support 5 1 Oa defining a 
passage 5 lOaa for receiving the tubular support member 505 and a slot 5 lOab. A plurality of spaced apart and 
substantially identical resilient expansion cone segment collets 510b extend from the nibular support 5 10a in the 
axial direction that include expansion cone segments 510ba extending therefrom in the axial direction. Each of the 
expansion cone segments 5 lOba further include arcuate conical expansion surfaces SlObaa for radially expanding an 

expandable tubular member. 

A split ring collar 5 15 is provided that defines a passage 5 1 5a for receiving the tubular support member 505 
that includes an L-shaped retaining member 515b at one end for mating with the slot 510ab of the tubular support 
510a of the expansion cone segment assembly 510. Another end of the split ring collar 515 includes an L-shaped 
retaining member 5 15c. A nibular sleeve 520 is provided that deflnes a passage 520a for receiving the tubular 
support member 505 that includes a slot 520b for receiving the L-shaped retaining member 515c of the split ring 
collar 515. 

During operation t>fthe assembly 500. as illusnated in Figs. 9 and 9a, in an unexpanded position, the 
expansion cone segments 5l0ba of the expansion cone segmem assembly 510 arc positioned adjacem to the base of 
the conical section 505cbc of the expansion cone segment support members 505cb with the outside diameter of the 
expansion cone segments less than or equal to the maximum outside diameter of the assembly. As illusnated in 
Figs. 10 and 10a. the assembly 500 may then be expanded by displacing the tabular sleeve 520, the split ring collar 
515. and the expansion cone segment assembly 510 in the axial direction towards the expansion cone segmem 
support members 505cb. As a result, the expansion cone segments 510ba are driven up the conical section 505cbc 
of the expansion cone segment support members 505cb and then onto the cylindrical section 505cbd of die 
expansion cone segment support members umil the expansion cone segments impact the end stop 505d. In this 
manner, the outside diameter of die expansion segments 510ba is greater than the maximum diameter of the 
remaining components of the assembly 500. Furthennore, the conical outer surfaces 510baa of the expansion cone 
segments 510ba may now be used to radially expand a nibular member. Note that the extensions 505cbb of the 
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cxpai^ion cone segment support members 505cb provide support in the circumferential direction to the adjacent 
expansion cone segments SlOba. In an exemplary embodiment, the outer conical stirfaces SlObaaof the expansion 
cone segments SlOba in the expanded position of the assembly 500 provide a substantially continuous outer conical 

surfaces in the circumferential direction. 

me assembly 500 may then be returned to the unexpanded position by displacing the mbular sleeve 520, 
the split ring collar 515. and the expansion cone segment assembly 510 in the axial direction away from the 
expansion cone segment support members 505cb. As a result, the expansion cone segments 5 1 Oba are displaced off 
of the cylindrical section 505cbd and the conical section 505cbc of the expansion cone segmem support members 
505cb Because the collets 510b of the expansion cone segmem assembly 510 are resilient, the expansion segments 
5 iOba are thereby remmed to a position in which the outside diameter of the expansion cone segments is less than or 
equal to the maximum diameter of the remaining components of the assembly 500. 

in several alternative embodiments, the assembly 500 is incoiponited into the assemblies 200. 300 and/or 

400. 

Referring now to Figs. 11. 11 a. 12 and 12a. an embodiment of an adjustable expansion cone assembly 600 
wfill be described. The assembly 600 includes a tubular support member 605 that defines a passage 605a and 
includes an expansion cone support flange assembly 60Sb. and an end stop 605c. The expansion cone support 
flange assembly 605b includes a tubular body 605ba and a plurality of equally spaced apart expansion cone segmem 
substantially identical support members 605bb that extend outwardly from the nibular body in the radial direction. 
The support members 605bb further include first sections 605bba having arcuate cylindrical outer surfaces, second 
sections 605bbb having arcuate conical outer surfaces, and third sections 605bbc having arcuate cylindrical outer 

surfeces for reasons to be described. 

An expansion cone segment assembly 610 is provided that includes a tubular support 610a defining a 
passage eiOaa for receiving the tubular support member 605 and a slot 610ab. A plurality of spaced apart and 
substantially idemical resUiem expansion cone segmem collets 610b extend from the tubular support 610a in the 
axial direction that include expansion cone segments 61 Oba extending therefrom in the axial direction. Each of the 
expansion cone segments 610ba further include arcuate conical expansion surfaces 610baa for radially expanding an 

expandable tubular member. 

A split ring collar 615 is provided that defines a passage 615a for receiving the tubular support member 605 
that includes an L-shaped retaining member 61 5b at one end for mating with the slot 610ab of the tubular support 
610a of the expansion cone segmem assembly 610. Another end of the split ring collar 615 includes an L-shaped 
retaining member 615c. ATubular sleeve 620 is prt)vided diat defines a passage 620a for receiving the tubular 
support member 605 that includes aslot 620b for receiving the L-shaped retaining member 615c of the split ring 
collar 615. 

During operation of the assembly 600, as illustrated in Figs. 1 1 and 1 la, in an unexpanded position, the 
expansion cone segments 61 Oba of Ae wpansion cone segmem assembly 610 arc positioned on the cylindrical 
section 605bba, adjacent to die base of the conical section 605bbb. of the expansion cone segmem support members 
605bb with the ouuide diameter of the expansion cone segments less than or equal to the maximum outside diamrter 
of the assembly. As illustrated in Figs. 12 and 12a. the assembly 600 may then be expanded by displacmg the 
tubular sleeve 620. the split ring collar 6 1 5, and the expansion cone segmem assembly 610 in the axial direction 
towanJs the expansion cone segment support members 605bb. As a result, the expansion cone segments 6 1 Oba are 
driven up the conical section 605bbb of the expansion cone segmem support members 605bb and then omo the 
cylindrical section 605bbc of the expansion cone a^em support members unUl the expansion cone segments 
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impact the end stop 605c. In this manner, the outside diameter of the expansion segments 6 1 Oba is greater than the 
maximum diameter of the remaining componchts of the assembly 600. Furthermore, the conical outer surfaces 
610baa of the expansion cone segments 610ba may now be used to radially expand a wbular member. In an 
exemplary embodiment, the outer conical surfaces 610baa of the expansion cone segmenu 610ba in ihe expanded 
position of d>e assembly 600 provide a substantially continuous outer conical surfaces in the circumferential 
direction. 

■me assembly 600 may then be renimed to the unexpanded position by displacing the tubular sleeve 620. 
the split ring collar 615. and the expansion cone segment assembly 610 in the axial direction away from the . 
expansion cone segment support members 605bb. As a resuU. the expansion cone segments 6 . Oba are displaced off 
of the cylindrical section 605bbc and the conical section 605bbb and back onto the cylindrical section 605bba of the 
expansion cone segment support members 605bb. Because the collets 6l0b of the expansion cone segment 
assembly 610 are resilient, the expansion segments 610ba are thereby returned to a position in which the outs.de 
diameter of the expansion cone segments is less than or equal to the maximum diameter of the remaining 

components of the assembly 600. 

In several alternative embodiments, the assembly 600 is incoqwratcd into the assemblies 200. 300 and/or 

400. 

Referring now to Figs. 13. 13a, 13b, 13c. 14 and 14a, an embodimem of an adjustable expansion cone 
assembly 700 wiU be described. The assembly 700 includes a tubular support member 705 that defines a passage 
705a and includes an expansion cone support flangp assembly 705b. and an end stop 705c. The expansion cone 
support flange assembly 705b includes a tubular body 705ba and a plurality of equally spaced apart expansion cone 
segment substantially identical support members 705bb that extend outwardly from the tubular body in the radial 
direction. The support members 705bb further include first sections 705bba having arcuate cylindrical outer 
surfaces, second sections 705bbb having arcuate conical outer surfaces, and third sections 705bbc having arcuate 
cylindrical outer surfaces for reasons to be described. 

An expansion cone segment assembly 7 10 is provided that includes a first tubular support 7 1 Oa defining a 
passage 710aa for receiving the tubular support member 705 that includes a slot 710ab and a second tubular support 
710b defining a passage 71 Oba for receiving the tubular support member 705 that includes a plurality of spaced apart 
and substantially identical axial slots 710bb. A plurality of spaced apart and subsianiially identical resilient 
expansion cone segment collets 710ac extend from the first tubular support 710a in the axial direction and are 
received within corresponding ones of the axial slots 7l0bb in the second tubular support 710b that include 
substantially identical expSnSion cone segments 710aca extending therefrom in the axial direction. A plurality of 
spaced apart and substantially identical resilient expansion cone segment collets 7 1 Obc extend from the second 
tubular support 710b in the axial direction that are interleaved and overlap with the expansion cone segmem collets 
7 lOac and that include substantially identical expansion cone segments 7 lObca extending therefrom in the axial 
direction. Each of the expansion cone segments, 7l0aca and 710bca, fiirther include arcuate conical expansion 
surfaces. 710acaa and 710bcaa. respectively, for radially expanding an expandable tubular member. A plurality of 
pins 71 5a-715d couple the expansion cone segmem collets 7 lOac to the second tubular support 710b. 

A split ring collar 720 is provided that defines a passage 720a for receiving the tubular support member 705 
that includes an L-shaped retaming member 720b at one end for mating with the slot 710ab of the first tubular 
support 710a of the expansion cone segmem assembly 710. Another end of the split ring collar 720 includes an L- 
shaped retaining member 720c. A wbular sleeve 725 is provided that defines a passage 725a for receiving the 



WO03/«23178 PCT/US«2/2560» 
tubular support member 705 thai includes a slot 725b for receiving the L-shaped retaining member 720c of the split 
ring collar 720. 

During operation of the assembly 700. as illustrated in Figs. 13. 13a, I3b. and 13c. in an unexpanded 
position, the expansion cone segments 710aca of the expansion cone segment assembly 710 overlap with and are 
positioned over the expansion cone segments 710bca of the expansion cone segment assembly, adjacent to the base 
of the conical section 705bbb. of the expansion cone segment support members 705bb with the oauide diameter of 
the expansion cone segments less than or equal to the maximum ouuide diameter of the assembly. As illustrated in 
Figs. 14 and 14a. the assembly 700 may then be expanded by displacing the tubuter sleeve 725. the split ring collar 
720. and d»e expansion cone segment assembly 710 in the axial direction towards the expansion cone segment 
support members 705bb. As a result, the expansion cone segments, 710aca and 710bca. are driven up the conical 
section 705bbb of the expansion cone segment support members 705bb and then onto the cylindrical section 705bbc 
of the expansion cone segment support members until the expansion cone segments impact the end stop 705c. In 
this manner, the outside diameter of the expansion segments. 710aca and 710bca. is greater than the maximum 
diameter of the remaining components of the assembly 700. Furthermore, the conical outer surfaces. 710acaa and 
710bcaa. of the expansion cone segments. 710aca and 710bca. respectively, may now be used to radially expand a 
tubular member. In an exemplary embodiment, the outer conical surfaces, 71 Oacaa and 71 Obcaa. of the expansion 
cone segments, 7)0aca and 710bca, respectively, in the expanded position of the assembly 700 provide a 
substantially continuous outer conical surfaces in the circumferential direction. 

The assembly 700 may then be returned to the unexpanded position by displacing the tubular sleeve 720. 
the split ring collar 71 5. and the expansion cone segment assembly 7 10 in the axial direction away from the 
expansion cone segment support members 705bb. As a result, the expansion cone segments, 710aca and 7 1 Obca, are 
displaced off of the cylindrical section 705bbc and the conical section 705bbb and back onto the cylindrical section 
705bba of the expansion cone segment support members 705bb. Because the collets. 7IOac and 710bc, of the 
expansion cone segment assembly 7 1 0 are resilient, the expansion segments, 7 1 Oaca and 7 1 Obca. are thereby 
rcnimed to a position in which the outside diameter of the expansion cone segments is less than or equal to the 
maximum diameter of the remaining components of the assembly 700. 

In several alternative embodiments, the assembly 700 is incorporated into the assemblies 200, 300 and/or 

400. 

Referring to Figs. 15 and 1 5a-15j, an alternative embodiment of an apparatus 800 for forming a wellbore 
casino in a subterranean fonnation will now be described. The aRwratus 800 includes a tubular support member 
805 defining an internal passage 805a that is coupied to an end of a tubular coupling 810 defining an internal 
passage 8lOa. The other end of the tubular coupling 810 is coupled to an end of a mbular support member 815 
defining an internal passage 815a having a throat passage 815aa that includes a first radial passage 815b, a first 
flange 81 5c having a second radial passage 815d, a second flange 8l5e having opposite shoulders, 8 15ca and 815eb, 
i a third flange 8 1 5f , and an expansion cone support body 8 1 5g. The other end of the tubular support member 8 1 5 is 
coupled to a tubular end stop 820 that defines a passage 820a. 

As illustrated in Figs. I5d and 15c. the expansion cone support body 81 5g includes a first end 8l5ga, a 
tapered hexagonal portion 815gb that includes a plurality of T-shaped slots 8l5gba provided on each of the external 
faceted surfaces of the tapered hexagonal portion, and a second end 815gc. In an exemplary embodiment, the angle 
) of attack of the tapered hexagonal portion 8 1 5gb ranges from about 35 to 50 degrees for reasons to be described. 

As illustrated in Figs. 15, 15a-15c. and I5f-15j, a plurality of expansion cone segments 825 arc provided 
that include first ends 825a that include T-shaped retainmg members 825aa and second ends 825b that include T- 
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Shaped retaining members 825ba that mate with and are received within corresponding T-shaped slots 8 1 5gba on the 
upered hexagonal portion 815gb of the expansion cone support body 8J5g. first extendi surfaces 825bb. second 
external surfaces 825bc. and third external surfaces 825bd. Thus, in an exemplary embodiment, a total of s.x 
expansion cone segments 825 are provided that are slidably coupled to corresponding sides of the tapered hexagonal 
portion 8 1 5gb of the expansion cone support body 8 1 5g. 

in an exemplary embodiment, the widths of the first external surfaces 825bb of the expansion cone 
segmenu 825 increase in the direction of the second external surfeces 825bc. the widths of the second external 
surfaces are substantially constant, and the widths of the third external surfeces 825bd decrea« in the direction of 
the first ends 825a of the expansion cone segments for reasons to be described. In an exemplary embodiment, the 
first external surfaces 825bb of the expansion cone segments 825 taper upwardly in the direction of the second 
external surfaces 825bc, the second external surfaces taper upwardly in the direction of the third external surfaces 
825bd, and the third external surfaces 825bd taper downwardly in the direction of the first ends 825a of the 
expansion cone segments for reasons to be described. In an exemplary embodimem. the angle of anack of the taper 
of the f«t external surfaces 825bb of the expansion cone segments 825 are greater than the angle of attack of the 
taper of the second external surfaces 825bc. In an exemplary embodimem. the first and second external surfaces. 
825bb and 825bc, of the expansion cone segments 825 are arcuate such that when the expansion cone segments 825 
arc displaced in the direction of the eml stop 420. the first and second external surfaces of the expansion cone 
segments provide a substantially continuous outer circumferential surface for reasons to be described. 

As illustrated in Fig. 15i. m an exemplary embodimem. the external surfeces, 825bb, 825bc and 825bd. of 
the second ends 825b of the expansion cone segments 825 are adapted to mate with one another in order to interiock 

adjacent expansion cone segments. 

A split ring collar 830 that defines a passage 830a for receiving the tubular support member 815 is provided 
that includes a first end that includes plurality of T-shaped slote 830b for receiving and mating with corresponding 
T-shaped retaining members 825aa of the expansion cone segments 825 and a second end that includes an L-shaped 
retaining member 830c. In an exemplary embodiment, the split ring collar 830 is a conventional split ring collar 
commereially available from Halliburton EmagV Services modified in accordance with the teachings of the presem 
disclosure. 

A dog assembly 835 is provided that includes a tubular sleeve 835a that defines a passage 835aa for 
receiving the Wbular support member 8 1 5 and includes a slot 835ab for receiving and mating with the L-shaped 
retaining member 830c of the split ring collar 830. a counterbore 835ac. and a radial passage 835ad. An end of a 
load transfer pin 835b passfes-through the radial passage 835ad and is coupled to a retaining ring 835c that defines a 
passage 835ca forreceiving the flange 8l5f of the wbular support member 815 and is received within the 
coumlrbore 835ac of the tubular sleeve. A ring 835d that defines a passage 835da for receiving the tubular support 
member 81 5 and a spring 835c are also received within the counterbore 835ac of the tabular sleeve 835a between 
the nange 815f and the end of the counterbore. The other end of the load transfer pin 835b is coupled to an end of a 
tubular sleeve 835f that includes a counterbore 835fe for receiving the tubular sleeve 835a, a radial passage 835fb 
for receiving a convemional resilient dog 835g, a counterbore 835fc for receiving and mating with the fiange 81 5e 
of the tubular support member 815, a flange 835fd, and a flange 835fe including counterbores. 835frand 835fg. that 
mate with and receive the flange 815c of the tubular support member, and a radial passage 835fh. 
) A first conventional packer cup assembly 840 that defines a passage 440a for receiving the tubular sleeve 

835f includes a first end 840b that mates with the flange 835fd of the tubular sleeve 835f. a conventional sealing cup 
840c, and a second end 840d. A tubular spacer 845 that defines a passage 845a for receiving the tubular sleeve 835f 
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includes a first end 845b that mates with the second end 840d of the first packer c«p assembly 840 and a second end 
845C A second conventional packer cup assembly 850 that defines a passage 850a for receiving the tubular sleeve 
835f includes a f.m end 850b that mates with the second end 845c of the spacer 845. a convemional seahng cup 

850c and a second end 850d that mates with the flange 835fe of the tubular sleeve. 

in an exemplary embodiment, during operation oftheapparan-s 800. as illustrated in Figs. 15 and I.a-I5j. 

the apparatus may be initially positioned in the wellbore 100. within the casing 1 10. with the dog assembly 835 
positioned in a neutral position in which the radial passage 8 15d of the tubular support member 815 .s flu.d.cly 
coupled to the radial passage 835ft of the dog assembly 835 and the expansion cone segments 825 are not dnven up 
the tapered hexagonal portion 815gb of the eKpansion cone support body 8 1 5g of the tubular suppon member 8 1 5 
into contact with the stop member 320. In this mam«r. fluidlc materials within the interior 815a of the mbular 
support member 815 may pass through the radial passages. 815d and 835fh, into the annulus between the apparatus 
SOOand the casing llOtherebypreventingoverpressurizationoftheamiulus. Furthermore, in thu» mam,er. the 
outside diameter of the expansion cone segmenu 825 is less than or equal to the outside diameter of the stop 
member 820 thereby peimitting the apparatus 800 to be displaced within the casing 1 10. 

As illustrated in Figs. 16. and 16a-16c, the apparaws 800 may then be positioned in the tubular member 
120 During the insertion of the apparatus into the tubular member 120, the upper end 120b of the tubular member 
may impact the end of the resilient dog 835g of the dog assembly 835 thereby driving the resilient dog 835g 
backwards omo the shoulder 815ea of the flange 81 5e of the tubular support member 8 15. As a result of the 
backward axial displacemem of the resilient dog 835g. the tubular sleeve 835f. the pin 835b, the retaining ring 835c. 
the ring 835d, and the spring 835e of the dog assembly 835 are driven backward thereby compressing the spring 
g35e and applying an axial biasing force to the tubular sleeve 835a that prevents the expansion cone segments 825 

jfrom being displaced toward the end stop 820. 

nie apparatus 800 may then be at least partially positioned in the open hole section 1 15a of the wellbore 
section 1 15, beyond the lower end I20c of the tubular member 120. In an exemplary embodimem, that portion of 
the apparams 800 that includes the stop member 820, the expansion cone segments 825. the split ring collar 830, and 
the dog assembly 835 is then positioned in the open hole section 1 1 5a of the wellbore section 1 1 5, beyond the lower 
end no of the tubular member for reasons to be described. Because the dog 835g of the dog assembly 835 is 
resilient, once the apparanis 800 has been positioned in the open hole section 1 15a of the wellbore section 1 15. 
beyond the lower end 120c of the tubular member 120. the resilient dog of the dog assembly may spring outwardly 
in the radial direction. 

The apparams 800 niay then be reposftioned at least partially back wUhin the tubular member 120. During 
the re-insertion of the apparatus into the tubular member 120, the lower end 120c of the tubular member may impact 
the ends of the resilient dog 835g of the dog assembly 835 thereby driving the resilieni dog forward umil the 
resilient dog is positioned onto the shoulder 815eb of the flange 815e of the tubular support member 8 1 5. 

As a result of the forward axial displacemem of the resilient dog 835g, the tubular sleeve 835f. the spring 
835e, the ring 835d. the ring 835c, the pin 835b, and the mbular sleeve 335a are displaced in the forward axial 
direction thereby also displacing the split ring collar 830 and the expansion cone segments 825 in the forward axial 
direction. As a result, the expansion cone segments 825 are driven up the tapered hexagonal portion 815gb of the 
expansion cone support body 8 1 5g of the tubular support member 8 1 5 into contact with the stop member 320. 
I Furthermore, as a result of the forward axial displacemem of the tubular sleeve 835f. the radial passages, 8 1 5d and 
835fii. are fluidicly decoupled. As a result fluidic materials within the tubular support member 815 may not pass 
into the annulus between the tubular support member and the mbular member 120. 
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As a resuh of the forward axial displacement of the resiHem dog 435e, the outside diameter of the 
expansioi» cone segments 825 is now greater than the inside diameter of expandable tubular member 120 thereby 
permitting the apparatus 800 to be used to radially expand and plastically deform.the tubular member, and fluidic 
materials within the interior 815a of the tubular support member 815 may no longer pass through the radial 
passages, 815d and 455ed. into the araiulus between the apparanis 800 and the tubular member thereby permining 

the interior of the apparatus to be pressurized. 

The apparatus 800 may then be operated to radially expand and plastically deform the tubular member 120 
by applying an upward axial force to the mbular support member 815 and/or by injecting a pressurized fluidic 

material into the tubular support member. 

m particular, as illustrated in Figs. 17 and I7a-17c, the expandable tubular member 120 may then be 
radially expanded using the apparatus 800 by iiyecting a fluidic material 275 into the apparatus through the passages 
805a, 810a, 815a, and 820a. The injection of the fluidic material 275 may pressurize the imerior 120a of the 
expamiable tubular member 120. In addition, because the packer cup assemblies, 840 and 850, seal off an annular 
region I20aa below the packer cup assemblies between the expandable tubular member 120 and the tubular support 
member 815, the injccuon of the fluidic material 275 may also pressurize the annular region. 

The cominued injection of the fluidic material 275 may then pressurize the interior 120a of the expandable 
tubular member 120 thereby phistically deforming and radially expanding the expandable tubular member oflfof the 
expansion cone segments 825. Because the outer surfaces, 825bb and 825bc. of the expansion cone segments 825 
are tapered, the ptastic deformation and radial expansion of the expandable tubular member 120 proximate the 
expansion cone segments is fiicilitated. Furthermore, in an exemplary embodiment, the cominued injection of the 
fluidic material 275 also pressurizes the annular region I20aa defined between the interior surface of the expandable 
mbular member 120 and the exterior surface of the tubular support member 8 1 5 that is bounded on the upper end by 
the packer cup assembly 840 and on the lower end by the expansion cone segments 825. Furthermore, in an 
exemplary embodiment, the pressurization of the annular region 120aa also radially expands at least a portion of the 
surrounding portion of the expandable tubular member 120. In this manner, the plastic deformation and radial 
expansion of the expandable tubular member 120 is enhanced. Furthermore, during operation of the apparatus 300, 
the packer cup assemblies 840 and 850 prevem the pressurized fluidic material 275 from passing above and beyond 
the packer cup assemblies and thereby deflne the length of the pressurized annular region I20aa. In an exemplary 
embodiment, the pressurization of the annular region 120aa decreases the operating pressures required for plastic 
deformation and radial expansion of the expandable tubular member 120 by as much as 50% and also reduces the 
angle of attack of the taperad-extemal surfeces. 825bb and 825bc, of the expansion cone segments 825. 

The radial expansion of the expandable mbular member 120 may then continue until the upper end I20b of 
the expandable mbular member is radially expanded and plastically deformed along with the overlapping portion of 
the wellbore casing 110. Because the expansion cone segments 825 may be adjustably positioned from an outside 
; diameter less than the inside diameter of the expandable tubular member 1 20 to an outside diameter substantially 
equal to the inside diameter of the pre-existing casing 1 10, the resulting wellbore casing, including the casing 1 10 
and the radially expanded tubular member 120. created by the operation of the apparatus 800 may have a single 
substamially constam inside diameter thereby providing a mono-diameter wellbore casmg. 

During the radial expansion process, the expansion cone segments 825 may be raised om of the expanded 
) portion of the tubular member 120 by applying an upwanl axial force to the tubular support member 815. In a 
preferred embodiment, during the radial expansion process, the expansion cone segments 825 are raised at 
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approxunately the same rate as the tubular member 120 is expanded in order to keep the tubular member su,ionar>- 

relative to the new wellboie section 115. 

in a preferred embodiment, when the upper end portion of the expandable tubular member 120 and the 
lower portion of the wellbot* casing 1 1 0 that overlap with one another are plastically deformed and radially 
expanded by the expansion cone segments 825. the expansion cone segments are displaced out of the wellbore 100 
by both the opemting pressure within the interior of the tubular member 120 and a upwardly directed axu.1 force 

applied to the tubular support member 405. 

maprefened embodiment. the openitingpressure and flowrateofthe fluidic material 275 is controllably 

ramped down when the expansion cone segments 825 reach the upper end portion of the expandable tubular member 
120. m this mam,er. the sudden release of pressure caused by the complete radial expansion and plastic deformation 
of the expandable tubular member 120 off of the expansion cone segments 825 can be minimized. In a preferred 
embodiment, the operating pressure is reduced in a subsumtially linear fashion from 100% to about 10% during the 
end of the extrusion process begimting when the expansion cone segmems 825 are within about 5 feet from 

completion of the extrusion process. 

Atteruatively. or in combination, the wall thickness of the upper end portion of the expandable tubular 
member 120 is tapered in order to gradually reduce the required operating pressure for plastically deforming and 
radially expanding the upper end portion of the tubular member. In this manner, shock loading of the apparams is at 
least reduced. 

Alternatively, or in combination, a shock absorber is provided in the mbular support member 805 in order 
to absorb the shock caused by the sudden release of pressure. The shock absorber may comprise, for example, any 
conventional commercially available shock absorber, bumper sub. or jars adapted for use in wellbore operations. 

Alternatively, or in combination, an expansion cone catching structure is provided in the upper end portion 
of the expandable tubular member 120 in order to catch or at least decelerate the expansion cone segments 825. 

Alternatively, or in combination, during the radial expansion process, an upward axial force is applied to 
the tubuter support member 815 sufficiem to plastically deform and radially expand the tubular member 120 off of 
the external surfeces. 225bb and 225bc. of the expansion cone segments 825. 

Alternatively, or in combination, in order to facilitate the pressurization of the interior 1 20a of the 
expandable tubular member by the injection of the fluidic materials 275. the region within the wellbore section 1 15 
below the apparams 800 may be fluidicly sealed off in a convention manner using, for example, a packer. 

Once the radial expansion process is completed, the tubular support member 805. the mbular support 
member 8 1 0, the mbular support member 8 1 5. the end stop 820. the expansion cone segmems 825. the splh ring 
collar 830. the dog assembly 835, the packer cup assembly 840, the spacer 845. and the packer cup assembly 850 are 

removed from the wellboies 100 and 1 15. 

If the expansion cone segments 825 become lodged within the expandable tubular member 120 during the 
radial expansion process, then a ball 280 may be placed in the throat 815aa of the passage 815a of the tubular 
support member 815. The continued injection of the fluidic material 275 following the placemem of the ball 280 in 
the throat 815aa of the passage 8l5a of the tubular support member will Aen pressurize the radial passage 815b and 
an annular portion 835fga of the counterbore 835fg. As a result of the pressurization of the annular portion 835fga 
of the counterbore 835fg. the tubular sleeve 835f, the pin 835b, the retaining ring 835c, the ring 835d. the spring 
835e, and the tubular sleeve 835a of the dog assembly 835. and the split ring collar 830 are driven backward thereby 
displacing the expansion cone segments 825 backwards in tiie axial direction away ftom the end stop 820. In this 
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manner, the outside diameter of the expansion cone segments 825 is thereby reduced and the apparatus 800 may 
then be removed from the expandable tubular member 120. 

Referring now to Figs. ISa, 1 8b, 1 8c, and 1 8d, an embodiment of an adjustable expansion cone assembly 
900 will be described. The assembly 900 includes a tubular support member 905 that defines a passage 905a and 
includes an expansion cone support flange assembly 905b that is coupled to an end stop 910 that defines a passage 
910a. The expansion cone support flange assembly 905b includes a first tubular end 905ba, a second tubular end 
905bb, and an intermediate hexagonal conical tubular body 905bc that includes a plurality of substantially identical 
and equally spaced apart expansion cone segment support slots 905bcaa-905bcaf on each of the facets of the 
hexagonal tubular body. 

A plurality of first expansion cone segments 91 5a-9 15c are provided that include T-shaped retaining 
members 91 5aa-915ca that mate with and are movably received within the T-shaped slots 905bcaa, 905bcac, and 
905bcae of the hexagonal conical tubular body 905bc of the expansion cone support assembly 905b, T-shaped 
retaining members 9lSab-9lScb, exterior top surfeces 915ac-915cc, exterior top surfaces 9l5ad-9l5cd, exterior top 
surfaces 9 1 5ae-9 1 5ce, exterior top surfeces 91 5af-9 1 5cf, and exterior top surfaces 9 1 5ag-9 1 5cg. In an exemplary 
embodiment the e.xterior top surfaces 915ac-9I5cc and the exterior top surfaces 915ad-915cd are arcuate conical 
surfaces in which the angle of attack of the exterior top surfaces 915ac-915cc is greater than the angle of attack of 
the exterior top surfaces 915ad-915cd. 

A plurality of second expansion cone segments 920a-920c, that are interleaved with and complementary 
shaped to the first expansion cone segments 915a-915c, are also provided that include T-shaped retaining members 
920aa-920ca that mate with and are movably received within the T-shaped slots 905bcab, 905bcad, and 905bcaf of 
the hexagonal conical tubular body 905bc of the expansion cone support assembly 905b, T-shaped retaining 
members 920ab-920cb, exterior top sur&ces 920ac-920cc, exterior top surfaces 920ad-920cd, exterior top surfaces 
920ae-920ce, exterior top surfaces 920af-920cf, and exterior top surfaces 920ag-920cg. In an exemplary 
embodiment, the exterior top surfaces 920ac-920cc and the exterior top surfaces 920ad-920cd are arcuate conical 
surfaces in which the angle of attack of the exterior top surfaces 920ac-920cc is greater than the angle of attack of 
the exterior top surfeces 920ad-920cd. 

A split ring collar 925 is provided that defines a passage 925a for receiving the tubular support member 905 
that includes an L-shaped retainmg member 925b at one end and another end of the split ring collar 925 includes T- 
shaped slots, 925c, 925d, 925e, 925f, 925g, and 925h, for mating with and receiving the T-shaped retaining 
members, 915ab, 920ab, 915bb, 920bb, 915cb, and 920cb, of the expansion cone segments, 9 1 5a, 920a, 9ISb, 920b, 
9 1 5c, and 920c, respectively.^ A tubular sleeve 930 is provided that defines a passage 930a for receiving the tubular 
support member 905 and that also includes a slot 930b for receiving and mating with the L-shaped retaining member 
925b of the split ring collar 925. 

During operation of the assembly 900, as illustrated in Figs. ISa, 18b, 18c, and 18d, in an unexpanded 
position, the expansion cone segments, 915a, 9l5b, 915c, 9]5d, 920a, 920b, 920c, and 920d are positioned adjacent 
to the base of the hexagonal conical tubular body 905bc of the expansion cone support flange 905b away from the 
end stop 910. In this manner, the outside diameter of the expansion cone segments is less than or equal to the 
maximum outside diameter of the assembly. Furthermore, in the unexpanded position, the expansion cone 
segments, 9 1 5a, 9 1 5b, and 9 1 5c, are positioned further away from the end stop 910 than the expansion cone 
segments, 920a, 920b, and 920c. 

As illustrated in Figs. 19 and 19a, the assembly 900 may then be expanded by displacing the tubular sleeve 
930 and the split ring collar 925 in the axial direction towards the expansion cone segment support members 70Sbb. 
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As a result, the expansion cone segments. 915a, 9l5b, 9l5c, 920a, 920b, 920c, are driven up the hexagonal conical 
tubular body 905bc of the expansion cone support flange 905b until the expansion cone segments impact the end 
stop 910. In this manner, the outside diameter of the expansion segments, 9l5a, 9l5b, 915c, 920a, 920b, and 920c, 
is greater than the maximum diameter of the remaining components of the assembly 900. Fuithennore, the conical 
outer surfeces, 9!5ac, 9l5bc. 915cc. 920ac. 920bc. and 920cc, and the conical outer surfaces. 915ad, 915bd. 9 1 5cd, 
920ad, 920bd. and 920cd of the expansion cone segments, 915a, 915b, 915c, 920a. 920b, and 920c. respectively, 
may now be used to radially expand a tubular member In an exemplary embodiment, the ouier conical surfaces. 
915ac, 915bc, 915cc, 920ac, 920bc, and 920cc. and the conical outer surfeces, 9l5ad, 915bd, 915cd, 920ad, 920bd, 
and 920cd of the expansion cone segments, 915a, 915b. 9l5c, 920a. 920b. and 920c, respectively, in the expanded 
position of the assembly 900, provide a substantially continuous outer conical surfaces in the circumferential 
direction. Furthermore, note that in the expanded position of the assembly 900. the first set of expansion cone 
segpients. 915a, 915b, and 9l5c are brought into alignment with the second set of expansion cone segments, 920a, 
920b. and 920c. 

The assembly 900 may then be remmed to the unexpanded position by displacing the tubular sleeve 930 
and the split ring collar 925 in the axial direction away from the end stop 910. As a result, the expansion cone 
segments, 915a, 915b. 915c, 920a, 920b, and 920c, are displaced away from the end top 910, down the conical 
hexagonal tubular member 905bc and thereby are returned to a position in which the outside diameter of the 
expansion cone segments is less than or equal to the maximum diameter of the remaining components of the 
assembly 900. 

In several alternative embodiments, the assembly 900 is incorporated into the assemblies 200, 300. 400, 

and SOO. 

Referring to Fig. 20a. an embodiment of an expansion cone segment assembly 1000 includes interlocking 
expansion cone segments, lOOOa, lOOOb, 1000c, lOOOd, lOOOe.and lOOOf. 

Referring to Fig. 20b. an embodiment of an expansion cone segment assembly 1 100 includes interlocking 
expansion cone segments, 1 100a, 1 100b. 1 100c, 1 lOOd. 1 100c, and 1 lOOf. 

Referring to Fig. 20c, an embodiment of an expansion cone segment assembly 1200 includes interlocking 
expansion cone segments, 1200a, 1200b, 1200c, 1200d, 1200e, and 1200f. 

Referring to Fig. 20d, an embodiment of an expansion cone segment assembly 1300 includes interlocking 
expansion cone segments. 1300a, 1300b. 1300c, 1300d, 1300e. and 1300f. 

Referring to Fig. 20e, an embodiment of an expansion cone segment assembly 1400 includes interlocking 
expansion cone segments,"1400a. 1400b, 1400c, I400d, MOOe.and I400f. 

Referring to Fig. 20f, an embodiment of an expansion cone segment assembly 1500 includes interlocking 
expansion cone segments. 1500a, 1500b, 1500c, 1500d. 1500e,and I500f. 

Referring to Fig, 20g, an embodiment of an expansion cone segmem assembly 1600 includes interlocking 
expansion cone segments. 1600a, 1600b, 1600c, 1600d, 1600e, and 1600f. 

Referring to Fig. 20h, an embodiment of an expansion cone segment assembly 1 700 includes interlocking 
expansion cone segments. 1700a, 1700b, 1700c, 1700d, I700e,and I700f. 

Referring to Fig. 20i, an embodiment of an expansion cone segment assembly 1 800 includes interlocking 
expansion cone segments, 1800a, 1800b. ISOOc, I800d, 1800e, and ISOOf. 

Referring to Fig. 20j. an embodiment of an expansion cone segment assembly 1900 includes interlocking 
expansion cone segments, 1900a. 1900b. 1900c, I900d, 1900e, and I900f. 
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Referring to Fig. 20k. an embodiment of an expansion cone segment assembly 2000 includes interlocking 
expansion cone segments, 2000a» 2000b, 2000c, 2000d, 2000e, and 2000f. 

Referring to Fig. 201. an embodiment of an expansion cone segment assembly 2100 includes interlocking 
expansion cone segments. 2100a, 2100b, 2100c, 2100d, 2100e. and 2!00f 

Referring to Fig. 20m, an embodiment of an expansion cone segment assembly 2200 includes interlocking 
expansion cone segments, 2200a, 2200b. 2200c, 2200d, 2200e, and 2200f. 

The expansion cone segment assemblies 1000, 1100, 1200, 1300, 1400, 1500, 1600, 1700, 1800, 1900, 
2000, 2100, and 2200 provide enhanced operational properties such as, for example; efficient radial expansion of 
expandable tubular members and durability during operation. 

In several alternative embodiments, the design and operational feanires of the apparatus 200, 300, 400, 500, 
600, 700, 800, 900, 1000, 1 100, 1200, 1300. 1400. 1500, 1600, 1700, 1800, 1900. 2000, 2100, and 2200 may be 
combined, in whole or in part, and/or the design and operational elements of the apparatus 200, 300, 400, 500, 600. 
700, 800, 900, 1000, 1 100, 1200, 1300, 1400, 1500, 1600, 1700, 1 800, 1900. 2000, 2100. and 2200 may be 

interspersed among each other. 

In several alternative embodiments, the apparatus 200. 300, 400, 500, 600, 700, 800, 900, and 1000, 1 100, 
1200. 1300. 1400, 1500, 1600, 1700, 1800, 1900, 2000, 2100, and 2200 may be used to form or repair wellbore 
casings, pipelines, or structural supports. 

In several alternative embodiments, the apparatus 200, 300. 400, 500, 600. 700. 800, 900, 1000, 1 100. 
1200, 1300, 1400, 1500, 1600, 1700, 1800, 1900, 2000. 2100, and 2200 include two or more expansion cone 
segments that may be movably support and guided on a tapered expansion cone support body that may, for example, 
be conical, or may be a multi-sided body. 

In several alternative embodiments, the design and operation of the apparams 200, 300. 400, 500, 600, 700. 
800,900, 1000, 1100. 1200, 1300, 1400, 1500. 1600, 1700, 1800. 1900, 2000, 2100, and 2200 are provided 
substantially as disclosed in one or more of the following: ( 1 ) U.S. patent application serial no. 09/454, 1 39, attorney 
docket no. 25791.03.02, filed on 12/3/1999, (2) U.S. patent appHcation serial no. 09/510,913. attorney docket no. 
25791.7.02, filed on 2/23/2000, (3) U.S. patent application serial no. 09/502,350, attorney docket no. 25791 .8.02, 
filed on 2/10/2000. (4) U.S. patent application serial no. 09/440,338, attorney docket no. 25791 .9.02, filed on 
1 1/15/1999, (5) U.S. patent application serial no. 09/523,460, attorney docket no. 25791.1 1.02, filed on 3/10/2000, 
(6) U.S. patent application serial no. 09/5 12,895. anomey docket no. 25791 . 12.02, filed on 2/24/2000, (7) U.S. 
patent application serial no. 09/5 1 1 ,94 1 , attorney docket no. 2579 1 . 1 6.02, filed on 2/24/2000* (8) U.S. patent 
application serial no. 09/588,946. attorney docket no. 25791.17.02, filed on 6/7/2000, (9) U.S. patent application 
serial no. 09/559,122, attorney docket no. 25791.23,02, filed on 4/26/2000, (10) PCX patent application serial no. 
PCT/USOO/18635, attorney docket no. 25791.25.02, filed on 7/9/2000, (1 1) U.S. provisional patent application serial 
no. 60/162,671, attorney docket no. 25791 .27, filed on 1 1/1/1999, (12) U.S. provisional patent application serial no. 
60/154,047, attorney docket no. 25791.29, filed on 9/16/1999, (13) U.S. provisional patent application serial no. 
60/159,082, attorney docket no. 25791.34, filed on 10/12/1999, (14) U.S. provisional patent application serial no. 
60/159,039, attorney docket no. 25791.36, filed on 10/12/1999, (15) U.S. provisional patent application serial no. 
60/159,033, attorney docket no. 2579137, filed on 10/12/1999, (16) U.S. provisional patent application serial no. 
60/212,359, attorney docket no. 2579138, filed on 6/19/2000. (17) U.S. provisional patent application serial no. . 
60/165,228, attorney docket no, 25791 39. filed on 1 1/12/1999. (18) U.S. provisional patent application serial no. 
60/221,443, attorney docket no. 25791 .45, filed on 7/28/2000. (19) U.S. provisional patent application serial no. 
60/221,645, attorney docket no. 25791.46, filed on 7/28/2000, (20) U.S. provisional patent application serial no. 
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60/233,638, attorney docket no. 25791 .47, filed on 9/18/2000, (21) U.S. provisional patent application serial no. 
60/237^34, attomcy docket no. 2579) .48. filed on 10/2/2000, (22) U.S. provisional patent application serial no. 
60/270,007, attorney docket no. 2579 1 .50, filed on 2/20/2001 ; and (23) U.S. provisional patent application serial no. 
60/262,434, attorney docket no. 25791.51, filed on 1/17/2001; and (24) U.S. provisional patent application serial no. 
60/259,486. attorney docket no. 25791.52, filed on 1/3/2001, the disclosures of v^hich arc incorporated herein by 
reference. 

An apparatus for radially expanding a tubular member has been described that includes a tubular support 
member that includes a first tubular support body defining a longitudinal passage, a first lug coupled to and 
extending fi*om the first tubular support body in the radial direction, a second lug coupled to and extending fi-om the 
first tubular support body in the radial direction, and an expansion cone support body coupled to the first tubular 
support body. The expansion cone support body includes an N-sidcd tapered oibular support member, wherein each 
side of the multi-sided tapered tubular support member defines a T-shaped slot. N expansion cone segments arc 
movably coupled to the expansion cone support body, each including an expansion cone segment body including 
arcuate conical outer surfiaces, a first T-shaped retaining member coupled to the expansion cone segment body for 
movably coupling the expansion cone segment body to a corresponding one of the T-shaped slots of the expansion 
cone support body, and a second T-shaped retaining member coupled to the expansion cone segment body. A split 
ring collar assembly is movably coupled to the exterior of the tubular support member that includes a second tubular 
support body defining N T-shaped slots for movably receiving corresponding ones of the second T-shaped retaining 
members of the expansion cone segments, and an L-shaped retaining member coupled to the second tubular support 
body. A first drag block assembly is movably coupled to the tubular support member that includes a first drag block 
body defining a slot for receiving and mating with the L-shaped retaining member of the split ring collar, and a first 
J-shaped slot for receiving the first lug, and one or more first drag blocks coupled to the fwst drag block body. A 
second drag block assembly is movably coupled to the tubular support member that includes a second drag block 
body defining a second J-shaped slot for receiving the second lug, and one or more second drag blocks coupled to 
the second drag block body. First and second packer cups are coupled to the nibular support member between the 
first and second drag block assemblies. 

An apparatus for radially expanding a tubular member has also been described that includes a tubular 
support member that includes a first tubular support body defining a longitudinal passage, a first fiange coupled to 
the first tubular support body, a second flange coupled to the first tubular support body, a first tapered flange 
coupled to the first tubular support body, a second tapered flange coupled to the first tubular support body, and an 
expansion cone support botjy coupled to the first tubular support body. The expansion cone support body includes 
an N-sided tapered tubular support member, wherein each side of the multi-sided tapered tubular support member 
defines a T-shaped slot. N expansion cone segments are movably coupled to the expansion cone support body, each 
including an expansion cone segment body including arcuate conical outer surfaces, a first T-shaped retaining 
member coupled to the expansion cone segment body for movably coupling the expansion cone segment body to a 
corresponding one of the T-shaped slots of the expansion cone support body, and a second T-shaped retaining 
member coupled to the expansion cone segment body. A split ring collar is movably coupled to the exterior of the 
tubular support member that includes a second tubular support body that defines N T-shaped slots for movably 
receiving corresponding ones of the second T-shaped retaining members of the expansion cone segments, and an L- 
shaped retaining member coupled to the second tubular support body. A fffst collet assembly is movably coupled to 
the tubular support member that includes a fu^ tubular sleeve that defines a slot for receiving and mating whh the 
L-shaped retaining member of die split ring collar, a first counterbore for receiving the first flange, and a first radial 
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passage, a first spring received within the first counterbore, a first retaining ring received within the first 
counterbore, a first load transfer pin coupled to the first retaining ring and extending through the first radial passage, 
a second tubular sleeve coupled to the first load transfer pin. a first resilient collet coupled to the second wbular 
sleeve and positioned above the first tapered flange, and a third mbular sleeve coupled to the first resilient collet. A 
second collet assembly is movably coupled to the tubular support member that includes a fourth tubular sleeve that 
defines a second counterbore for receiving the second flai^e, and a second radial passage, a second spring received 
within the second counterbore, a second retaining ring received within the second counterbore. a second load 
.nmsfer pin coupled to the second retaining ring and extending through the second radial passage, a fifth tubular 
sleeve coupled to the second load transfer piri. a second resilient collet coupled to the fifth wbular sleeve and 
positioned above the second tapen«l flange, and a sixth tubular sleeve coupled to the second resilient collet. First 
and second packer cups coupled to the tubular support member between the first and second collet assemblies. 

An apparatus for radially expanding a mbular member has also been described that includes a tubular 
support member that includes a first tubular support body defining a longitudinal passage, a fffst radial passage 
defmed in the first tubular support body fluididy coupled to the longitudinal passage. a first flange coupled to the 
fiKt tubular support body, a second flange coupled to the first tubular suppon body, a first tapered flange coupled to 
the first tubular support body, a second tapcied flange coupled to the first tubular support body, and an expansion 
cone support body coupled to the first tubular support body. The expansion cone support body includes an N-sidcd 
' tapered tubular support member, wherein each side of the multi-sided tapered tubular support member defines a T- 
shaped slot. N expansion cone segments are movably coupled to the expansion cone support body, each including 
an expansion cone segment body including arcuate conical outer surfaces, a first T-shaped retaining member 
coupled to the expansion cone segment body for movably coupling the expansion cone segment body to a 
corresponding one of the T-shaped slots of the expansion cone support body, and a second T-shaped retaining 
member coupled to the expansion cone segment body. A split ring collar is movably coupled to the exterior of the 
mbular support member that includes a second mbular support body that defines N T-shaped slots for movably 
receiving corresponding ones of the second T-shaped retaining members of the expansion cone segments, and an L- 
shaped retaining member coupled to the second tubular support body. A first dog assembly is movably coupled to 
the tubular support member that includes a first tubular sleeve that defines a slot for receiving and mating with the 
L-shaped retaining member of the split ring collar, a first counterbore for receiving the first flange, and a second 
radial passage, a first spring received within the first counterbore. a fust retaining ring received within the first 
counterbore. a first load transfer pin coupled to the first retaining ring and extending through the second radial 
passage, and a second mbular sleeve coupled to the first load transfer pin that defines a second coumerbore for 
receiving the first mbular sleeve, a fust resiliem dog coupled to the second mbular sleeve and positioned adjacem to 
the first tapered flange. A second dog assembly is movably coupled to the mbular support member that includes a 
third mbular sleeve that defines a isecond counterbore for receiving the second flange, a third radial passage, and a 
fourth radial passage fluidlcly coupled to the first radial passage, a second spring received within the second 
counterbore, a second retaining ring received within the second counterbore. a second load transfer pin coupled to 
the second retaining ring and extending through the third radial passage, a fourth tubular sleeve coupled to the 
second load transfer pin. and a second resilient dog coupled to the fourth mbular sleeve and positioned adjacent to 
the second tapered flange. First and second packer cups are coupled xo the mbular support member between the first 

and second dog assemblies. 

An apparatus for radially expanding a mbular member has also been described that includes a mbular 
support member that includes a first tubular support body defming a longimdinal passage including a throat passage, 
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a fust radial passage defined In the first tubular support body fluidicly coupled to the longitudinal passage, a first 
fiange coupled to the first tubular support body, a second flange coupled to the first tubular support body that 
defines a second radial passage defined in the second flange fluidicly coupled to the longitodinal passage, a tapered 
nange coupled to the first tubular support body, and an expansion cone support body coupled to the first nibular 
support body, nw expansion cone support body includes an N-sided tapered tubular support member, wherein each 
side of the muhi-sided tapered tubular support member defines a T-shaped slot. N expansion cone segments are 
movably coupled to the expansion cone support body, each including an expansion cone segment body including 
arcuate conical outer surfaces, a first T-shaped retaining member coupled to the expansion cone segment body (or 
movably coupling the expansion cone segment body to a corresponding one of the T-shaped slots of the expansion 
cone support body, and a second T-shaped reuining member coupled to the expansion cone segment body. A split 
ring collar is movably coupled to the exterior of the tubular support member that includes a second tubular support 
body that defines N T-shaped slots for movably receiving corresponding ones of the second T-shaped retaining 
members of the expansion cone segments, and an L-shaped retaining member coupled to the second nibular support 
body. A dog assembly is movably coupled to the tubular support member that includes a first tubular sleeve that 
defines a slot for receiving and mating with the L-shaped retaining member of the split nng collar, a first 
counterbore for receiving the first flange, and a third nidial passage, a spring received within the first counterbore. a 
retaining ring received within the first counterbore. a load transfer pin coupled to the retaining ring and extending 
thn)ugh the third radial passage, a second nibular sleeve coupled to the first load transfer pin that defines a first 
counterbore for receiving the first hibular sleeve, a second coumerbore for receiving and mating with the tapered 
flange, and includes a Airtl flange that defines a thini counterbore for receiving the second flange, a fourth 
counterbore for receiving the second flange, and a fourth radial passage, md a resilient dog coupled to the second 
wbular sleeve and positioned adjacem to the tapered flange. First and second packer cups are coupled to the tubular 
support member between the resilient dog and the third flange. 

An adjustable expansion cone assembly has also been described that includes a nibular support member 
that includes a tubular support body and an expansion cone support body coupled to the tubular support body. The 
expansion cone support body includes an N-sided tapered tubular support member, wherein each side of the multi- 
sided tapered mbular support member defines a T-shaped slot. N expansion cone segments are movably coupled to 
the expansion cone support body, each including an expansion cone segmert body including arcuate conical outer 
surfaces, a first T-shaped retaining member coupled to the expansion cone segment body for movably coupling the 
expansion cone segmem body to a corresponding one of the T-shaped slots of the expansion cone support body, and 
a second T-shaped retaining member coupled to the expansion cone segnient body. A split ring collar is movably 
coupled to the exterior of the tubular support member that includes a second tubular support body that defmes N T- 
shaped slots for movably receiving corresponding ones of the second T-shaped retaining members of the expansion 
cone segments, and an L-shaped retaining member coupled to the second tubular support body. A tubular acniatuig 
sleeve is movably coupled to the nibular support member that includes a third tabular support body that defines a 
slot for receiving and mating with the L-shaped retaining member of the split ring collar. 

An adjustable expansion cone assembly has also been described that includes a nibular support member 
that includes a fint tubular support body, and an expansion cone support body coupled to the tubular support body. 
The expansion cone support body includes a tiered tubular support member defining N stepped slots. An 
expansion cone assembly is movably coupled to the nibular support member that includes a second nibular support 
body movably coupled to the fu« nibular support body defining an L-shaped slot, and N expansion cone segments 
extending from the second tubular support member. Each expansion cone segment inchides a resilient collet 
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coupled to the second tubular support member, an expansion cone segment body coupled to the resilient collet 
including arcuate conical outer surges, and a retaining member coupled to the expansion cone segment body for 
movably coupling the expansion cone segment body to a corresponding one of the stepped slots of the expansion 
cone support body. A split ring collar is movably coupled to the exterior of the tubular support member that 
includes a third tubular support body, a first L-shaped retaining member coupled to the third tubular support body 
for mating with the L-shaped slot of the second tubular support body of the expansion cone assembly, and a second 
L-shaped retaining member coupled to the third tubular body. A tubular acmating sleeve is movably coupled to the 
tubular support member that includes a third tubular support body that defmes a slot for receiving and mating with 
the second L-shaped retaining member of the split ring collar. 

An adjustable expansion cone assembly has also been described that includes a tubular support member 
that includes a first tubular support body, and an e}q3ansion cone support body coupled to the tubular support body. 
The expansion cone support body includes a tapered tubular support member defining N slots. An expansion cone 
assembly is movably coupled to the tubular support member that includes a second tubular support body movably 
coupled to the first tubular support body defining an L-shaped slot, and N expansion cone segments extending from 
the second tubular support member. Each expansion cone segment includes a resilient collet coupled to the second 
tubular support member, an expansion cone segment body coupled to the resilient collet including arcuate conical 
outer surfaces, and a retaining member coupled to the expansion cone segment body for movably coupling the 
expansion cone segment body to a corresponding one of the slots of the expansion cone support body. A split ring 
collar is movably coupled to the exterior of the tubular support member that includes a third tubular support body, a 
first L-shaped retaining member coupled to the third tubular support body for mating with the L>shaped slot of the 
second tubular support body, and a second L-sh^ed retaining member coupled to the third tubular support body. A 
tubular actuating sleeve is movably coupled to the tubular suppon member that includes a third tubular support body 
that defmes a slot for receiving and mating with the second L*shaped retaining member of the split ring collar. 

An adjustable expansion cone assembly has also been described that includes a tubular support member 
that includes a first tubular support body, and an expansion cone support body coupled to the tubular support body. 
The expansion cone support body includes a tapered tubular support member defining N slots. An expansion cone 
assembly is movably coupled to the tubular support member that includes a second tubular support body movably 
coupled to the first tubular support body defining an L-shaped slot, N/2 first expansion cone segments extending 
from the second tubular support member, and Ny2 second expansion cone segments extending from the second 
hjbular member. Each first expansion cone segment includes a first resilient collet coupled to the second tubular 
suppon member, a first expansion cone segment body coupled to the resilient collet including arcuate conical outer 
surfaces, and a first retaining member coupled to the expansion cone segment body for movably coupling the 
expansion cone segment body to a corresponding one of the slots of the expansion cone support body. Each second 
expansion cone segment includes a second resilient collet coupled to the second tubular support member, a second 
expansion cone segment body coupled to the resilient collet including arcuate conical outer surfaces, and a second 
retaining member coupled to the expansion cone segment body for movably coupling the expansion cone segment 
body to a corresponding one of the slots of the expansion cone support body. The second expansion cone segments 
overlap and are interleaved with the first expansion cone segments. A split ring collar is movably coupled to the 
exterior of the tubular support member that includes a third tubular support body, a first L-shaped retaining member 
coupled to the third tubular support body for mating with L-shaped slot of the second mbular support body, and a 
second L-shaped retaining member coupled to the third tubular support body. A tubular actuating sleeve is movably 
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coupled to the tubular support member that includes a third tubular support body that defmes a slot for receiving and 
mating with the second L-shaped retaining member of the split ring collar. 

An adjustable expansion cone assembly has also been described that includes a tubular suppon member 
that includes a fu^t mbular support body, and an expansion cone support body coupled to the first tubular support 
body. The expansion cone support body includes an N-sided tapered tubular support member, wherein each side of 
the multi-sided tapered tubular support member defmes a T-shaped slot. N/2 first expansion cone segments are 
movably coi4)led to the expansion cone support body, each including a first expansion cone segment body including 
arcuate conical outer surfaces, a fust T-shaped retaining member coupled to the first expansion cone segment body 
for movably coupling the first expansion cone segment body to a corresponding one of the T-shaped slots of the 
expansion cone support body, and a second T-shaped retaining member coupled to the first expansion cone segment 
body. N/2 second expansion cone segments are also movably coupled to the expansion cone support body, each 
including a second expansion cone segment body including arcuate conical outer surfaces, a third T-shaped retaining 
member coupled to the second expansion cone segment body for movably coupling the second expansion cone 
segment body to a corresponding one of the T-shaped slots of the expansion cone support body, and a fourth T- 
shaped retaining member coupled to the expansion cone segment body. The first and second expansion cone 
segments are interleaved. The first expansion cone segment bodies are complementary shaped with respect to the 
second expansion cone segment bodies. A split ring collar assembly is movably coupled to the e.\terior of the 
tubular support member that includes a second tubular support body that defines N T-shaped slots for movably 
receiving corresponding ones of the second and fourth T-shaped retaining members of the interleaved first and 
second expansion cone segments, and an L-shaped retaining member coupled to the second tubular support body. A 
tubular actuating sleeve movably coupled to the tubular support member that includes a third tubular suppon body 
that defmes a slot for receiving and mating with the L*shaped retaining member of the split ring collar. 

An apparatus for radially expanding a mbular member has also been described that includes a tubular 
support member that includes a first tubular support body defining a longitudinal passage, a first lug coupled to and 
extending from the first tubular support body in the radial direction, and a second lug coupled to and extending from 
the first tubular support body in the radial direction. An adjustable expansion cone assembly is movably coupled to 
the tubular support member. A first drag block assembly is movably coupled to the tubular support member that 
includes a first drag block body coupled to the adjustable expansion cone assembly that defines: a first J-shaped slot 
for receiving the first lug, and one or more first drag blocks coupled to the first drag block body. A second drag 
block assembly is movably coupled to the tubular support member that includes a second drag block body that 
defines: a second J-shaped^lot for receiving the second lug, and one or more second drag blocks coupled to the 
second drag block body. First and second packer cups are coupled to the tubular support member between the first 
and second drag block assemblies. 

An apparatus for radially expanding a mbular member has also been described that includes a tubular 
support member that includes a fust tubular support body defining a longitudinal passage, a first flange coupled to 
the first tubular support body, a second flange coupled to the first tubular support body, a first tapered flange 
coupled to the first tubular support body, and a second tapered flange coupled to the fust tubular support body. An 
adjustable expansion cone assembly is movably coupled to the tubular support member. A first collet assembly is 
movably coupled to the tubular support member that includes a first tubular sleeve coupled to the adjustable 
expansion cone assembly and defines a first counterbore for receiving the first flange, and a first radial passage, a 
first spring received withm the first counterbore, a first retaining ring received within the first counterbore, a first 
load transfer pin coupled to the fust retaining ring and extending through the first radial passage, a second tubular 
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Sleeve coupled to the first load transfer pin, a first resilient collet coupled to the second tubular sleeve and positioned 
above the first tapered flange, and a third tubular sleeve coupled to the first resilient collet. A second collet 
assembly is movably coupled to the tubular suppoiT member that includes a fourth nibular sleeve that defines: a 
second counterbore for receiving the second flange, and a second radial passage, a second spring received within the 
second counterbore, a second retaining ring received within the second counterbore, a second load transfer pin 
coupled to the second retaining ring and extending through the second radial passage, a fifth tubular sleeve coupled 
to the second load transfer pin. a second resilient collet coupled to the fifth tubular sleeve and positioned above the 
second tapered flange, and a sixth njbular sleeve coupled to the second resilient collet. First and second packer cups 
are coupled to the tubular support member between the first and second collet assemblies. 

An apparatus for radially expanding a tubular member has also been described that includes a nibular 
support member that includes a first tubular support body defining a longitudinal passage, a first radial passage 
defined in the first tubular support body fluidicly coupled to the longitudinal passage, a first fiange coupled to the 
first tubular support body, a second flange coupled to the first tubular support body, a first tapered flange coupled to 
the first tubular support body, and a second tapered flange coupled to the first tubular support body. An adjustable 
expansion cone assembly is movably coupled to the ttibular support member. A first dog assembly is movably 
coupled to the nibular support member that includes a first tubular sleeve coupled to the adjustable expansion cone 
assembly that defines: a first counterbore for receiving the first flange, and a second radial passage, a first spring 
received within the first counterbore. a first retaining ring received within the first counterbore, a first load transfer 
pin coupled to the first retaining ring and extending through the second radial passage, a second tubular sleeve 
coupled to the first load transfer pin that defines: a second counterbore for receiving the first tubular sleeve, a first 
resilient dog coupled to the second tubular sleeve and positioned adjacent to the first tapered flange. A second dog 
assembly is movably coupled to the tubular support member that includes a third tubular sleeve that defines a second 
counterbore for receiving the second flange, a third radial passage, and a fourth radial passage fluidicly coupled to 
the first radial passage, a second spring received within the second counterbore, a second retaining ring received 
within the second counterbore, a second load transfer pin coupled to the second retaining ring and extending through 
the third radial passage, a fourth tubular sleeve coupled to the second load transfer pin, a second resilient dog 
coupled to the fourth nibular sleeve and positioned adjacent to the second tapered flange. First and second packer 
cups are coupled to the tubular support member between the first and second dog assemblies. 

An apparams for radially expanding a tubular member has also been described that includes a nibular 
support member that includes a first nibular support body defining a longitudinal passage including a throat passage, 
a first radial passage defined-in the first tubular support body fluidicly coupled to the longinidinal passage, a first 
flange coupled to the first tubular support body, and a second flange coupled to the first tubular support body that 
defines: a second radial passage defined in the second flange fluidicly coupled to the longinidinal passage. An 
adjustable expansion cone assembly is movably coupled to the tubular support member, A dog assembly is movably 
coupled to the nibular support member that includes a first tubular sleeve coupled to the adjustable expansion cone 
assembly that defines a first counterbore for receiving the first flange, and a third radial passage, a spring received 
within the first counterbore, a retaining ring received within the first counterbore, a load oransfer pin coupled to the 
retaining ring and extending through the third radial passage, a second nibular sleeve coupled to tfie first load 
transfer pin that defines: a first counterbore for receiving the first tubular sleeve, a second counterbore for receiving 
and mating with the tapered flange, and includes a third flange that defines a third counterbore for receiving the 
second flange, a fourth counterbore for receiving the second flange, and a fourth radial passage, and a resilient dog 



44 



wo 03/023178 PCT/US02/25608 

coupled to the second nibular sleeve and positioned adjacent lo the tapered flange. First and second packer cups are 
coupled to the tubular suppon member bct>*'cen the resilient dog and the third flange. 

An apparaws for radially expanding a tubular member has also been described that includes a wbular 
suppon member, an adjustable expansion cone assembly movably coupled to the tubular support member, and 
means for adjusting the adjustable expansion cone assembly. 

An adjustable expansion cone assembly has also been described that includes a tubular support member. 
An adjustable expansion cone is movably coupled to the tubular support member that includes a plurality of 
expansion cone segments, and means for guiding the expansion cone segments on the tubular support member. The 
assembly further includes means for adjusting the adjustable expansion cone. 

A method of operating an adjustable expansion cone assembly including a plurality of expansion cone 
segments has also been described that includes guiding the expansion cone segments on a tapered body, and 
controliably displacing the expansion cone segments along the tapered body. 

A method of operating an adjustable expansion cone assembly including a plurality of expansion cone 
segments has also been described that includes guiding the expansion cone segments on a multi-sided tapered body, 
interlocking the expansion cone segments, and controliably displacing the expansion cone segments along the 
tapered body. 

A method of operating an adjustable expansion cone assembly including a plurality of expansion cone 
segments has also been described that includes rcsilicntly guiding the expansion cone segments on a multi-sided 
tapered body, guiding each of the expansion cone segments on opposite sides in the circumferential direction, 
interlocking the expansion cone segments, and controliably displacing the expansion cone segments along the 
tapered body. 

A method of operating an adjustoble expansion cone assembly including a plurality of expansion cone 
segments has also been described that includes dividing the expansion cone segments into first and second groups of 
expansion cone segments, interleaving the first and second groups of expansion cone segments, overlapping the first 
and second groups of expansion cone segments, resiliently guiding the expansion cone segments on a multi-sided 
tapered body, guiding each of the expansion cone segments on opposite sides in the circumferential direction, and 
controliably displacing the expansion cone segments along the tapered body. 

A method of operating an adjustable expansion cone assembly including a plurality of expansion cone 
segments has also been described that includes dividing the expansion cone segments into first and second groups of 
expansion cone segments, interleaving the first and second groups of expansion cone segments, guiding the 
expansion cone segments on-a multi-sided tapered body, and controliably displacing the expansion cone segments 
along the tapered body while also relatively displacing the first and second groups of expansion cone segments in 
opposite directions. 

A method of plastically defoming and radially expanding an expandable tubular member using an 
apparatus including a tubular support member, an adjustable expansion cone assembly movably coupled to the 
tubular support member, and an acniator movably coupled to the tubular support member for adjusting the 
adjustable expansion cone assembly, has also been described that includes coupling a first end of the expandable 
tubular member to a tubular structure, locking the actuator to the tubular support member of the apparatus, inserting 
the apparatus into the first end of the expandable tubular member, moving the acniator and the adjustable expansion 
cone assembly of the apparatus out of the second end of the expandable wbular member, reinserting the actuator of 
the apparams into the second end of the expandable tubular member, unlocking the actuator from the tubular support 
member of the apparatus, rotating the actuator relative to the tubular support member of the apparatus, and 
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increasing the outside diameter of the adjustable expansion cone assembly by moving the mbular suppon member 
relative to the actuator, the adjustable expansion cone assembly and the expandable tubular member, and plastically 
deforming and radially expanding the expandable tubular member by moving the adjustable expansion cone 
assembly through the expandable mbular member. 

A method of plastically deforming and radially expanding an expandable tubular member using an 
apparatus including a tubular support member, an adjustable expansion cone assembly movably coupled to the 
mbular support member, and an acmator movably coupled to the tubular support member for adjusting the 
adjustable expansion cone assembly, has also been described that includes coupling a first end of the expandable 
tubular member to a mbular strucmre, inserting die apparatus into the first end of the expandable mbular member in 
a first direction, displacing the actuator of the apparams in a second direction opposite to the first direction, applymg 
a resilient biasing force to the adjustable expansion cone assembly in the second dwection, moving the actuator and 
the adjustable expansion cone assembly of the apparams out of the second end of the expandable mbular member, 
reinserting the acmator of the apparams into die second end of the expandable mbular member in the second 
direction, increasing the outside diameter of the adjustable expansion cone assembly by displacing the actuator and 
the adjustable expansion cone assembly relative to the expandable mbular member in the first direction, and 
plastically deforming and radially expanding the expandable mbular member by moving the adjustable expansion 
cone assembly through the expandable mbular member in the second direction. 

An adjustable expansion cone assembly has also been described that includes a plurality of expansion cone 
segments, means for guiding the expansion cone segments on a tapered body, and means for controllably displacing 
the expansion cone segments along the tapered body. 

An adjustable expansion cone assembly has also been described that includes a plurality of expansion cone 
segments, means for guiding the expansion cone segments on a muhi-sided tapered body, means for interlocking the 
expansion cone segments, and means for controllably displacing the expansion cone segments along the tapered 
body. 

An adjustable expansion cone assembly has also been described that includes a plurality of expansion cone 
segments, means for resiliently guiding the expansion cone segments on a multi-sided tapered body, means for 
guiding each of the expansion cone segments on opposite sides in the circumferential direction, means for 
interlocking the expansion cone segments, and means for controllably displacing the expansion cone segments along 
the tapered body. 

An adjustable expansion cone assembly has also been described that includes a plurality of expansion cone 
segments, means for dividing the expansion cone segments into first and second groups of expansion cone segments, 
means for interleaving the first and second groups of expansion cone segments, means for overlapping the first and 
second groups of expansion cone segments, means for resiliently guiding the expansion cone segments on a multi- 
sided tapered body, means for guiding each of the expansion cone segments on opposite sides in the circumferential 
direction, and means for controllably displacing the expansion cone segments along the tapered body. 

An adjustable expansion cone assembly has also been descnbed that includes a plurality of expansion cone 
segments, means for dividing the expansion cone segments into first and second groups of expansion cone segments, 
means for intcrleavmg the first and second groups of expansion cone segments, means for guiding the expansion 
cone segments on a multi-sided tapered body, and means for controllably displacing the expansion cone segments 
along the tapered body while also relatively displacing the first and second groups of expansion cone segments in 
opposite directions. 
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An apparatus for plastically deforming and radially expanding an expandable tubuldr member has also been 
described Aat includes a tubular support member, an adjustable expansion cone assembly movably coupled to the 
tubular support member, means for acmating the adjustable expansion cone assembly, means for locking the 
actuator to the tubular support member of the apparatus, means for unlocking the actuator from the tubular support 
member of the apparatus, and means for increasing the outside diameter of the adjustable expansion cone assembly 
by moving the tubular support member relative to the actuator, the adjustable expansion cone assembly, and the 

expandable tubular member. 

An apparatus for plastically deforming and radially expanding an expandable tubular member has also been 
described that includes a tubular support member, an adjustable expansion cone assembly movably coupled to the 
tubular support member, means for acmating the adjustable expansion cone assembly, means for displacing the 
actuator of the apparatus in a first direction, means for applying a resiliem biasing force to the adjustable expansion 
cone assembly when the actuator is displaced in the first direction, and means for increasing the outside diameter of 
the adjustable expansion cone assembly by displacing the actuator and the adjustable expansion cone assembly 
relative to the expandable nibular member in a second direction opposite to the first direction. 

Although ilhistrative embodiments of the invention have been shown and described, a wide range of 
modification, changes and substitution is contemplated in the foregoing disclosure. In some instances, some 
features of the present invention may be employed without a corresponding use of the other feanires. Accordingly, 
it is appropriate that the appended claims be construed broadly and in a manner consistent with the scope of the 
invention. 
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Claims 



An apparatus for radially expanding a tubular member, comprising: 
a tubular suppoit member comprising: 

a first tubular support body defining a longitudinal passage; 

a first lug coupled to and extending from the first tubular support body in the radial direction; 
a second lug coupled to and extending from the first wbular suppon body in the radial direction; 
and 

an expansion cone support body coupled to the first tubular support body comprising: 
an N-sided tapered tubular support member; 

wherein each side of the multi-sided tapered tubular support member defines a T-shaped 
slot; 

N expansion cone segments movably coupled to the expansion cone support body, each comprising: 
an expansion cone segment body including arcuate conical outer surfaces; 
a first T-shaped retaining member coupled to the expansion cone segment body for movably 

coupling the expansion cone segment body to a corresponding one of the T-shaped slots 
of the expansion cone support body; and 
a second T-shaped retaining member coupled to the expansion cone segment body; 
a split ring collar assembly movably coupled to the exterior of the tubular support member comprising: 
a second tubular support body defining: 

N T-shaped slots for movably receiving conresponding ones of the second T-shaped 
retaining members of the expansion cone segments; and 
an L-shaped retaining member coupled to the second tubular support body; 
a first drag block assembly movably coupled to the tubular support member that comprises: 
a first drag block body defining: 

a slot for receiving and mating with the L-shaped retaining member of the split ring 
collar; and 

a first J-shaped slot for receiving the first lug; and 
one or more first drag blocks coupled to the first drag block body; 
a second drag block assembly movably coupled to the tubular support member that comprises: 
a second'drag block body defining: 

a second J-shaped slot for receiving the second lug; and 
one or more second drag blocks coupled to the second drag block body; and 
first and second packer cups coupled to the tubular suppon member between the first and second drag 
block assemblies. 



An apparams for radially expanding a tubular member, comprising: 
a tubular support member comprising: 

a first tubular support body defining a longitudinal passage; 

a first flange coupled to the first mbular support body; 

a second flange coupled to the first tubular support body; 

a first tapered flange coupled to the first tubular support body; 
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a second tapered flange coupled to the first tubular support body; and 
an expansion cone support body coupled to the first tubular support body comprising: 
an N-sided tapered tubular support member; 

wherein each side of the roulri-sided tapered tubular support member defines a T-shaped 
slot; 

>4 expansion cone segments movably coupled to the expansion cone support body, each comprising: 
an expansion cone segment body including arcuate conical outer surfaces; 
a first T-shaped retaining member coupled to the expansion cone segment body for movably 

coupling the expansion cone segment body to a corresponding one of the T-shaped slots 
of the expansion cone support body; and 
a second T-shaped retaining member coupled to the expansion cone segment body; 
a split ring collar movably coupled to the exterior of the tubular support member comprising: 
a second tubular support body that defines: 

N T-shaped slots for movably receiving corresponding ones of the second T-shaped 
retaining members of the expansion cone segments; and 
an L-shaped retaining member coupled to the second tubular support body; 
a first collet assembly movably coupled to the tubular support member that comprises: 
a first tubular sleeve defining: 

a slot for receiving and mating with the L-shaped retaining member of the split ring 

collar; 

a first counterbore for receiving the first flange; and 

a first radial passage; 
a first spring received within the first counterbore; 
a first retaining ring received within the first coimterbore; 

a first load transfer pin coupled to die first retaining ring and extending through the first radial 
passage; 

a second tubular sleeve coupled to the first load transfer pin; 

a first resilient collet coupled to the second tubular sleeve and positioned above the first tapered 
flange; and 

a third tubular sleeve coupled to the first resilient collet; 
a second collet assembly movably coupled to the tubular support member that comprises: 
a fourth tubular sleeve defining: 

a second counterbore for receiving the second flange; and 

a second radial passage; 
a second spring received within the second counterbore; 
a second retaining ring received within the second counterbore; 

a second load transfer pin coupled to the second retaining ring and extending through the second 
radial passage; 

a fifth tubular sleeve coupled to the second load transfer pin; 

a second resilient collet coupled to the fifth tubular sleeve and positioned above the second upered 
flange; and 

a sbcih tubular sleeve coupled to the second resilient collet; and 
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first and second packer cups coupled to the tubular suppon member between the first and second collet 
assemblies. 



An apparatus for radially expanding a tubular member, comprising: 
a tubular support member comprising: 

a first tubular support body defining a longitudinal passage; 

a first radial passage defined in the first mbular support body fluidicly coupled to the longitudinal 
passage; 

a first flange coupled to the first tubular support body; 
a second fiange coupled to the first nibular support body; 
a fu^t tapered flange coupled to the first tubular support body; 
a second tapered flange coupled to tiie first tubular support body; and 
an expansion cone support body coupled to the first tubular support body comprising: 
an N-sided tapered tubular support member; 

wherein each side of the multi-sided tapered tubular support member defines a T-shaped 
slot; 

N expansion cone segmoits movably coupled to the expansion cone support body, each comprising: 
an expansion cone segment body including arcuate conical outer surfaces; 
a first T-shaped retaining member coupled to the expansion cone segment body for movably 

coupling the expansion cone segment body to a corresponding one of the T-shaped slots 
of the expansion cone support body; and 
a second T-shaped retaining member coupled to the expansion cone segment body; 
a split ring collar movably coupled to the exterior of the tubular support member comprising: 
a second tubular support body defming: 

N T-shaped slots for movably receiving corresponding ones of the second T-shaped 
retaining members of the expansion cone segments; and 
an L-shaped retaining member coupled to the second tubular support body; 
a fu^t dog assembly movably coupled to the tubular suppon member thai comprises: 
a first tubular sleeve defining: 

a slot for receiving and mating with the L-shaped retaining member of the split ring 
^ / ' collar, 

a first counterbore for receiving the first flange; and 

a second radial passage; 
a first spring received within the first counterbore; 
a first retaining ring received within the first counterbore; 

a first load transfer pin coupled to the first retaining ring and extending through the second radial 

passage; 

a second tubular sleeve coupled to the first load transfer pin defining: 

a second counterbore for receiving the first tubular sleeve; 
a first resilient dog coupled to the second tubular sleeve and positioned adjacent to the first tapered 

flange; 

a second dog assembly movably coupled to the tubular support member that comprises: 
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a third tubular sleeve defining: 

a second counterbore for receiving the second flange; 
a third radial passage; and 

a fourth radial passage fiuidicly coupled to the fu^t radiai passage; 
a second spring received within the second counterbore; 
a second retaining ring received within the second counterbore; 

a second load transfer pin coupled to the second retaining ring and extending through the third 
radial passage; 

a fourth tubular sleeve coupled to the second load transfer pin; 

a second resilient dog coupled to the fourth mbular sleeve and positioned adjacent to the second 
tapered flange; and 

first and second packer cups coupled to the tubular support member between the first and second dog 
assemblies. 

An apparatus for radially expanding a tubular member, comprising: 
a tubular support member comprising: 

a first tubular support body defining a longitudinal passage including a throat passage; 

a first radial passage defined in the first tubular support body fiuidicly coupled to the longinidinal 
passage; 

a first flange coupled to the first tubular support body; 

a second flange coupled to the first tubular support body defining: 

a second radial passage defined in the second flange fiuidicly coupled to the longitudinal 
passage; 

a tapered flange coupled to the first tubular support body; and 
an expansion cone support body coupled to the first tubular support body comprising: 
an N-sided tapered tubular support member; 

wherein each side of the multi-sided tapered tubular support member defines a T-shaped 
slot; 

N expansion cone segments movably coupled to the expansion cone support body, each comprising: 
an expansion cone segment body including arcuate conical outer surfaces; 
a first T--Shaped retaining member coupled to the expansion cone segment body for movably 

coupling the expansion cone segment body to a corresponding one of the T-shaped slots 
of the expansion cone support body; and 
a second T-shaped reuining member coupled to the expansion cone segment body; 
a split ring collar movably coupled to the exterior of the tubular support member comprising: 
a second tubular support body defining: 

N T-shaped slots for movably receiving corresponding ones of the second T-shaped 
retaining members of the expansion cone segments; and 
an L-shaped retaining member coupled to the second tubular support body; 
a dog assembly movably coupled to the tubular support member that comprises: 
a fust tubular sleeve defining: 
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a slot for receiving and mating with the L-shapcd retaining member of the split ring 
collar, 

a first counterbore for receiving the first flange; and . 

a third radial passage; 
a spring received within the first counterbore; 
a retaining ring received within the first counterbore; 

a load transfer pin coupled to the retaining ring and extending through the third radial passage; 
a second tubular sleeve coupled to the first load transfer pin that defines: 

a first counterbore for receiving the first tubular sleeve; 

a second counterbore for receiving and mating with the tapered flange; and 

comprises; 

a third flange defining: 

a third counterbore for receiving the second flange; 
a fourth counterbore for receiving the second flange; and 
a fourth radial passage; and 
a resilient dog coupled to the second tubular sleeve and positioned adjacent to the tapered flange; 

and 

first and second packer cups coupled to the mbular support member between the resilient dog and the third 
flange. 

An adjustable expansion cone assembly, comprising: 
a tubular support member comprising: 
a tubular support body; and 

an expansion cone support body coupled to the tubular support body comprising: 
an N-sided tapered tubular support member; 

wherein each side of the multi-sided tapered tubular support member defines a T-shaped 
slot; 

N expansion cone segments movably coupled to the expansion cone support body, each comprising: 
an expansion cone segment body including arcuate conical outer surfaces; 
a first T-shaped retaining member coupled to the expansion cone segment body for movably 

'coupling the expansion cone segment body to a corresponding one of the T-shaped slots 
of the expansion cone support body; and 
a second T-shaped retaining member coupled to the expansion cone segment body; 
a split ring collar movably coupled to the exterior of the tubular support member comprising: 
a second tubular support body defining: 

N T-shaped slots for movably receiving corresponding ones of the second T-shaped 
retaining members of the expansion cone segments; and 
an L-shaped retaining member coupled to the second tubular suppon body; and 
a tubular actuating sleeve movably coupled to the tubular support member that comprises: 
a third tubular support body defining: 

a slot for receiving and mating with the L-shaped retaining member of the split ring 
collar. 
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An adjustable expansion cone assembly, comprising: 
a tubular support member comprising: 

a first tubular support body; and 

an expansion cone support body coupled to the tubular support body comprising: 
a tapered tubular suppon member defm'mgN stepped slots; 
an expansion cone assembly movably coupled to the tubular support member comprising: 

a second tubular support body movably coupled to the first tubular support body defining an L- 
shaped slot; and 

N expansion cone segments extending from the second tubular support member, each expansion 
cone segment comprising: 

a resilient collet coupled to the second tubular support member; 

an expansion cone segment body coupled to the resilient collet including arcuate 

conical outer surfaces; and 
a retaining member coupled to the expansion cone segment body for movably 
coupling the expansion cone segment body to a corresponding one of 
the stepped slots of the expansion cone support body; 
a split ring collar movably coupled to the exterior of the tubular support member comprising: 
a third tubular support body; 

a fu-st L-shaped retaining member coupled to the third tubular support body for mating with the L- 

shaped slot of the second tubular support body of the expansion cone assembly; and 
a second L-shaped retaining member coupled to the third tubular body; and 
a tubular actuating sleeve movably coupled to the tubular support member that comprises: 
a third tubular support body defining: 

a slot for receiving and mating with the second L-shaped retaining member of the split 
ring collar. 



An adjustable expansion cone assembly, comprising: 
a tubular suppprt member comprising: 

a first tubular support body; and 

an expansion cone support body coupled to the tubular support body comprising: 

a tapered tubular support member defining N slots; 
an expansion cone assembly movably coupled to the tubular support member comprising: 

a second tubular support body movably coupled to the first tubular suppon t>ody defining an L- 

shaped slot; and 

N expansion cone segments extending from the second tubular support member, each expansion 
cone segment comprising: 

a resilient collet coupled to the second tubular support member; 
an expansion cone segment body coupled to the resilient collet including arcuate 
conical outer surfaces; and 
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a retaining member coupled to the expansion cone segment body for movably 
coupling the expansion cone segment body to a corresponding one of 
the slots of the expansion cone support body; 
a split ring collar movably coupled to the exterior of the nibular support member comprising: 
a third tubular support body; 

a first L-shaped retaining member coupled to the third tubular support body for mating with the L- 

shaped slot of the second tubular support body; and 
a second L-shaped retaining member coupled to the third tubular support body; and 
a nibular actuating sleeve movably coupled to the nibular suppon member that comprises: 
a third tubular support body defining: 

a slot for receiving and mating with the second L-shaped retaining member of the split 

ring collar. 

8. An adjustable expansion cone assembly, comprising: 
a mbular support member comprising: 

a first tubular support body; and 

an expansion cone support body coupled to the ttibular support body comprising: 
a tapered tubular support member defming N slots; 
an expansion cone assembly movably coupled to the nibular support member comprising: 

a second tubular support body movably coupled to the first tubular support body defming an L- 
shaped slot; and 

N/2 first expansion cone segments extending from the second tubular support member, each first 
expansion cone segment comprising: 

a first resilient collet coupled to the second tubular support member, 

a first expansion cone segment body coupled to the resilient collet including 

arcuate conical outer surfaces; and 
a first retaining member coupled to the expansion cone segment body for 

movably coupling the expansion cone segment body to a corresponding 
one of the slots of the expansion cone support body; 
N/2 second expansion cone segments extending from the second tubular support member, each 
^s^ond expansion cone segment comprising: 

a second resilient collet coupled to the second tubular support member; 

a second expansion cone segment body coupled to the resilient collet inchiding 

arcuate conical outer surfaces; and 
a second retaining member coupled to the expansion cone segment body for 

movably coupling the expansion cone segment body to a corresponding 
one of the slots of the expansion cone support body; 
wherein the second expansion cone se^ents overlap and are interleaved with the fust 
expansion cone segments; 
a split ring collar movably coupled to the exterior of the tubular support member comprising: 
a third tubular support body; 
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a first L-shaped retaining member coupled to the third tubular support body for mating wiih L- 

shaped slot of the second tubular support body; and 
a second L-shaped retaining member coupled to the third aibular support body; and 
a tubular actuating sleeve movably coupled to the tubular support member that comprises: 
a third tubular support body defining: 

a slot for receiving and mating with the second L-shaped retaining member of the split 

rii^ collar. 

9. An adjustable expansion cone assembly, comprising: 
a tubular support member comprising: 

a first tubular support body; and 

an expansion cone support body coupled to the first tubular support body comprising: 
an N-sided tapered tubular support member; 

wherein each side of the multi-sided tapered tubular support member defines a T-shaped 
slot; 

N/2 first expansion cone segments movably coupled to the expansion cone support body, each comprising: 
a first expansion cone segment body including arcuate conical outer surfaces; 
a first T-shaped retaining member coupled to the first expansion cone segment body for movably 
coupling the first expansion cone segment body to a corresponding one of the T-shaped 
slots of the expansion cone support body; and 
a second T-shaped retaining member coupled to the first expansion cone segment body; 
N/2 second expansion cone segments movably coupled to the expansion cone support body, each 
comprising: 

a second expansion cone segment body including arcuate conical outer surfaces; 

a third T-shaped retaining member coupled to the second expansion cone segment body for 

movably coupling the second expansion cone segment body to a corresponding one of the 
T-shaped slots of the expansion cone support body; and 
a fourth T-shaped retaining member coupled to the expansion cone segment body; 
wherein the first and second expansion cone segments are interleaved; 

wherein the first expansion cone segment bodies are complementary shaped with respect to the second 

expansion/ cone segment bodies; 
a spin ring collar assembly movably coupled to the exterior of the tubular support member comprising: 
a second tubular support body defining: 

N T-shaped slots for movably receiving corresponding ones of the second and fourth T- 
shaped retaining members of the interleaved first and second expansion cone 
segments; and 

an L-shaped retaining member coupled to the second tubular support body; and 
a mbuiar actuating sleeve movably coupled to the tubular suppon member that comprises: 
a third tubular support body defining: 

a slot for receiving and mating with the L-shaped retaining member of the split ring 

collar. 
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1 0. An apparatus for radially expanding a tubular member, comprising: 
a tubular support member comprising: 

a first tubular support body defining a longitudinal passage; 

a first lug coupled to and extending from the first tubular support body in the radial direction; and 
a second lug coupled to and extending from the first tubular suppoH body in the radial direction; 
an adjustable expansion cone assembly roovably coupled to the tubular support member; 
a first drag block assembly movably coupled to the tubular support member that comprises: 
a first drag block body coupled to the adjustable expansion cone assembly defmmg: 

a first J-shaped slot for receiving the fu^t lug; and 
one or more fu-st drag blocks coupled to the first drag block body; 
a second drag block assembly movably coi^led to the tubular support member that comprises: 
a second drag block body defining: 

a second J-shaped slot for receiving the second lug; and 
one or more second drag blocks coupled to the second drag block body; and 
first and second packer cups coupled to the tubular support member between the fu^l and second drag 
block assemblies. 

11. The apparatus of claim 1 0, wherein the tubular support member fiirther comprises: 

an expansion cone support body coupled to tiie first tubular support body comprising: 

an N-sided tapered tubular support member; 

wherein each side of the multi-sided t^red tubular support member defines a T-shaped 
slot; 

wherein the adjustable expansion cone assembly comprises: 

N expansion cone segments movably coupled to the expansion cone support body» each 

comprising: 

an expansion cone segment body including arcuate conical outer surfaces; 

a first T-shaped retaining member coupled to the expansion cone seg^lent body for 

movably coupling the expansion cone segment body to a corresponding one of 
the T-shaped slots of the expansion cone support body; and 
a second T-shaped retaining member coupled to the expansion cone segment body; and 
a split ring-collar movably coupled to the exterior of the tubular support member comprising: 
a second tubular support body defining: 

N T-shaped slots for movably receiving conesponding ones of the second T- 
sbaped retaining members of the expansion cone segments; and 
an L-shaped retaining member coupled to the second tubular support body; and 
wherein the first drag block body further defines: 

a slot for receiving and mating with the L-shaped retaining member of the split ring collar. 

12. The apparatus of claim 10, wherein the tubular support member further comprises: 
an expansion cone support body coupled to the tubular support body comprising: 

a tapei^ tubular support member defming N stepped slots; 
wherein the adjustable expansion cone assembly comprises: 
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an expansion cone assembly movably coupled to the tubular support member comprising: 

a second tubular support body movably coupled to the first tubular support body defming 
an L-sbaped slot; and 

N expansion cone segments extending from the second tubular support member, each 
expansion cone segment comprising: 

a resilient collet coupled to the second tubular support member; 
an expansion cone segment body coupled to the resilient collet 

including arcuate conical outer surfaces; and 
a retaining member coupled to the expansion cone segment body for 
movably coupling the expansion cone segment body to a 
corresponding one of the stepped slots of the expansion cone 
support body; and 

a split ring collar movably coupled to the exterior of the tubular support member comprising: 
a third tubular support body: 

a first L-shapcd retaining member coupled to the third tubular support body for mating 

with the L-shaped slot of the second tubular support body; and 
a second L-shaped retaining member coupled to the third tubular support member; 
wherein the first drag block body further defines: 

a slot for receiving and mating with tiie second L-shaped retaining member of the spin ring collar. 

The apparatus of claim 10, wherein the tubular support member further comprises: 
an expansion cone support body coupled to the furst tubular support body comprising: 

a tapered tubular support member defining N slots; 
wherein the adjustable expansion cone assembly comprises: 

an expansion cone assembly movably coupled to the tubular support member comprising: 

a second tubular support body movably coupled to the first tubular support body defming 
an L-shaped slot; and 

N expansion cone segments extending from the second mbular support member, each 
expansion cone segment comprising: 

a resilient collet coupled to the second tubular support member; 
an expansion cone segment body coupled to the resilient collet 

including arcuate conical outer surfaces; and 
a retaining member coupled to the expansion cone segment body for 
movably coupling the expansion cone segment body to a 
corresponding one of the slots of the expansion cone support 
body; and 

a split ring collar movably coupled to the exterior of the tubular support member comprising: 
a third tubular support body; 

a first L-shaped retaining member coupled to the third tubular support body for mating 

with L-shaped slot of the second tubular support body; and 
a second L-shaped retaining member coupled to the third tubular support body; 
wherein the first drag block body further defines: 
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a slot for receiving and mating with the second L-shaped retaining member of the split ring collar. 



14. The apparams of claim 10, wherein the tubular support member further comprises: 
an expansion cone support body coupled to the tubular support body comprising: 

a tapered tubular support member defming N slots; 
wherein the adjustable e3q>ansion cone assembly comprises: 

an expansion cone assembly movably coupled to the tubular support member comprising: 

a second tubular support body movably coupled to the first tubular support body defining 
an L-shaped slot; and 

N/2 first expansion cone segments extending fh>m the second tubular support member, 
each first expansion cone segment comprising. 

a first resilient collet coupled to the second tubular support member; 
a first expansion cone segment body coupled to the resilient collet 

including arcuate conical outer surfaces; and 
a first retaining member coupled to the expansion cone segment body 
for movably coupling the expansion cone segment body to a 
corresponding one of the slots of the expansion cone support 
body; 

second expansion cone segments extending from the second tubular support member, 
each second expansion cone segment comprising: 

a second resilient collet coiq)led to the second tubular support member; 
a second expansion cone segment body coupled to the resilient collet 

including arcuate conical outer surfoces; and 
a second retaining member coupled to the expansion cone segment 

body for movably coupling the expansion cone segment body 
to a corresponding one of the slots of the expansion cone 
support body; 

wherein the second expansion cone segments overlap and are interleaved with 
the first expansion cone segments; and 
a split ring collar movably coupled to the exterior of the tubular support member comprising: 
^third tubular support body; 

a first L-shaped retaining member coupled to the third tubular support body for mating 

with the L-shaped slot of the second tubular support body; and 
a second L-shaped retaining member coupled to the third tubular support body; 
wherein the first drag block body further defines: 

a slot for receiving and mating with the second L-shaped retaining member of the split ring collar. 

1 5 . The apparatus of claim 1 0, wherein the tubular support member further comprises: 

an expansion cone support body coupled to the first tubular support body comprising: 

an N-sided tapered tubular support member, 

wherein each side of the multi-sided tapered tubular support member defines a T-shaped 
slot; 
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wherein the adjustable expansion cone assembly comprises: 

N/2 first expansion cone segments movably coupled to the expansion cone support body, each 
comprising: 

a first expansion cone segment body including arcuate conical outer sur&ces; 

a first T-shaped retaining member coupled to the fu^ expansion cone segment body for 
movably coupling the first expansion cone segment body to a corresponding one 
of the T*shaped slots of the expansion cone support body; and 

a second T-shaped retaining member coupled to the furst expansion cone segment body; 
N/2 second expansion cone segments movably coupled to the expansion cone support body, each 

comprising: 

a second expansion cone segment body including arcuate conical outer surfaces; 

a third T-shaped retaining member coupled to the second expansion cone segment body 
for movably coupling the second expansion cone segment body to a 
corresponding one of the T-shaped slots of the expansion cone support body; 
and 

a fourth T-shaped retaining member coupled to the expansion cone segment body; 
wherein the first and second expansion cone segments are interleaved; 
wherein the first expansion cone segment bodies are complementary shaped with respect to the 

second expansion cone segment bodies; and 
a split ring collar assembly movably coupled to the exterior of the tubular support member 

comprising: 

a second tubular support body defining: 

N T-shaped slots for movably receiving corresponding ones of the second and 
fourth T-shaped retaining members of the interleaved first and second 
expansion cone segments; and 
an L-shaped retaining member coupled to the second tubular support body; and 
wherein the first drag block body further defines: 

a slot for receiving and mating with the L-shaped retaining member of the split ring collar. 

1 6. An apparatus for radially expanding a tubular member, comprising: 
a tubular supp<Htfl)ember comprising: 

a first tubular support body defining a longitudinal passage; 
a first flange coupled to the first tubular support body; 
a second flange coupled to the first tubular support body; 
a first tapered flange coupled to the first tubular support body; and 
a second tapered flange coupled to the first tubular support body; 
an adjustable expansion cone assembly movably coupled to the tubular support member; 
a first collet assembly movably coupled to the tubular support member that comprises: 

a first tubular sleeve coupled to the adjustable expansion cone assembly and defining: 
a first counterbore for receiving the first flange; and 
a first radial passage; 
a first ^ring received within the first counterbore; 
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a first retaining ring received within the first counterbore: 

a first load transfer pin coupled to the first retaining ring and extending through ihe first radial 
passage; 

a second tubular sleeve coupled to the first load transfer pin; 

a first resilient collet coi^)led to the second tubular sleeve and positioned above the first tapered 
fiange; and 

a third tubular sleeve coupled to the first resilient collet; 
a second collet assembly movabiy coupled to the njbular support member that comprises: 
a fourth tubular sleeve defming: 

a second counterbore for receiving the second fiange; and 

a second radial passage; 
a second spring received vtrithin the second counterbore; 
a second retaining ring received within the second counterbore; 

a second load transfer pin coupled to the second retaining ring and extending through the second 
radial passage; 

a fifth tubular sleeve coupled to the second load transfer pin; 

a second resilient collet coupled to die fifth tubular sleeve and positioned above the second tapered 
flange; and 

a sixth tubular sleeve coupled to the second resilient collet; and 
first and second packer cups coupled to the tubular support member between the first and second collet 
assemblies. 



17. The apparanis of claim 16, wherein the tubular support member further comprises: 

an expansion cone support body coupled to the first tubular support body comprising: 

an N-sided tapered tubular support member; 

wherein each side of the mulii-sided tapered tubular support member defines a T-shaped 
slot; 

wherein the adjustable expansion cone assembly comprises: 

N expansion cone segments movabiy coupled to the expansion cone support body, each 
comprising: 

-air expansion cone segment body including arcuate conical outer surfaces; 

a first T-shaped reuining member coupled to the expansion cone segment body for 

movabiy coupling the expansion cone segment body to a corresponding one of 
the T-shaped slots of the expansion cone support body; and 
a second T-shaped retaining member coupled to the expansion cone segment body; and 
a split ring collar movabiy coupled to the exterior of the mbular support member comprising: 
a second tubular support body defining: 

N T-shaped slots for movabiy receiving corresponding ones of the second T- 
shaped retaining members of the expansion cone segments; and 
an L-shaped retaining member coupled to the second tubular support body; and 
wherein the first tubular sleeve of the first collet assembly fiirther defines: 

a slot for receiving and mating with the L-shaped retaining member of the split ring collar. 
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1 8. The apparatus of claim 1 6. wherein the tubular support member further comprises: 
an expansion cone support body coupled to the tubular support body comprising: 

a tapered tubular support member definiag N stepped slots; 
wherein the adjustable expansion cone assembly comprises: 

an expansion cone assembly movably coupled to the tubular support member comprising: 

a second tubular support body movably coupled to the first tubular support body defining 

an L*shaped slot; and 
N expansion cone segments extending from the second tubular support member, each 
expansion cone segment comprising: 

a resilient collet coupled to the second tubular support member; 
an expansion cone segment body coupled to the resilient collet 

including arcuate conical outer surfaces; and 
a retaining member coupled to the expansion cone segment body for 
movably coupling the expansion cone segment body to a 
corresponding one of the stepped slots of the expansion cone 
support body; and 

a split ring collar movably coupled to the exterior of the tubular support member comprising: 
a third tubular support body: 

a first L-shaped retaining member coupled to the third tubular support body for mating 

with the L-shaped slot of the second tubular support body; and 
a second L-shaped retaining member coupled to the third tubular support member; 
wherein the first tubular sleeve of the first collet assembly further defines: 

a slot for receiving and mating with the second L-shaped retaining member of the split ring collar. 

1 9. The apparatus of claim 1 6, wherein the tubular support member further comprises: 

an expansion cone support body coupled to the first tubular support body comprising: 

a tapered nibular support member defining N slots; 
wherein the adjustable expansion cone assembly comprises: 

an expansion cone assembly movably coupled to the tubular suppon member comprising: 

^second tubular support body movably coupled to the first tubular support body dcfmin 

an L-shaped slot; and 
N expansion cone segments extending from the second tubular support member, each 
expansion cone segment comprising: 

a resilient collet coupled to the second tubular support memben 
an expansion cone segment body coupled to the resilient collet 

including arcuate conical outer surfaces; arKl 
a retaining member coupled to the expansion cone segment body for 
movably coupling the expansion cone segment body to a 
corresponding one of the slots of the expansion cone support 
body; and 

a split ring collar movably coupled to the exterior of the mbuJar support member comprising: 
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a third tubular support body; 

a first L-shaped retaining member coupled to the third nibular support body for mating 

with L-shaped slot of the second tubular support body: and 
a second L-shaped retaining member coupled to the third tubular support body: 
wherein the fu-st tubular sleeve of the first collet assembly further defines: 

a slot for receiving and mating whh the second L-shapcd retaining member of the split ring collar. 

The apparatus of claim 16, wherein the tubular support member further comprises: 
an expansion cone support body coupled to the tubular support body comprising: 

a tapered tubular suppoit member defining N slots; 
wherein the adjustable expansion cone assembly comprises: 

an expansion cone assembly movably coupled to the tubular support member comprising: 

a second tubular support body movably coupled to the first mbular support body definin 
an L-shaped slot; and 

N/2 first expansion cone segments extending fi-om the second tubular support member, 
each first expansion cone segment comprising: 

a first resilient collet coupled to the second tubular support member; 
a first expansion cone segment body coupled to the resilient collet 

including arcuate conical outer surfaces; and 
a first retaining member coupled to the expansion cone segment body 
for movably coupling the expansion cone segment body to a 
corresponding one of the slots of the expansion cone support 
body; 

N/2 second expansion cone segments extending from the second tubular support member, 
each second expansion cone segment comprising: 

a second resilient collet coupled to the second tubular support member; 
a second expansion cone segment body coupled to the resilient collet 

including arcuate conical outer surfaces; and 
a second retaining member coupled to the expansion cone segment 

body for movably coupling the expansion cone segment body 
to a corresponding one of the slots of the expansion cone 
support body; 

wherein the second expansion cone segments overlap and are interleaved with 
the first expansion cone segments; and 
a split ring collar movably coupled to the exterior of the tubular suppon member comprising: 
a third tubular support body; 

a first L-shaped retaining member coupled to the third tubular support body for mating 

with the L-shaped slot of the second tubular support body; and 
a second L-shaped retaining member coupled to the third tubular support body; 
wherein the first tubular sleeve of the first collet assembly further defines: 

a slot for receiving and mating with the second L-shaped retaining member of the split ring collar. 
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The apparatus of claim 16, wherein the tubular support member further comprises: 
an expansion cone support body coupled to the first tubular support body comprising: 

an N-sided tapered tubular support member; 

wherein each side of the multi-sided tapered tubular support member defines a T-shaped 
slot; 

wherein the adjustable expansion cone assembly comprises: 

N/2 first expansion cone segments movably coupled to the expansion cone suppon body, each 

comprising: 

a first e;q>ansion cone segment body including arcuate conical outer surfaces; 
a first T-shaped retaining member coupled to the first expansion cone segment body for 
movably coupling the first expansion cone segment body to a corresponding one 
of the T-shaped slots of the expansion cone support body; and 
a second T-shaped retadning member coupled to the first expansion cone segment body; 
N/2 second expansion cone segments movably coupled to the expansion cone support body, each 
comprising: 

a second expansion cone segment body including arcuate conical outer surfaces: 
a third T-shaped retaining member coupled to the second expansion cone segment body 
for movably coupling the second expansion cone segment body to a 
corresponding one of the T-shaped slots of the expansion cone support body; 
and 

a fourth T-shaped retaining member coupled to the expansion cone segment body; 
wherein the first and second expansion cone segments are interleaved; 
wherein the first expansion cone segment bodies are complementary shaped with respect to the 

second expansion cone segment bodies; and 
a split ring collar assembly movably coupled to the exterior of the tubular support member 

comprising: 

a second tubular support body defining: 

N T-shaped slots for movably receiving corresponding ones of the second and 
fourth T-shaped retaining members of the interleaved first and second 
expansion cone segments; and 
-ajr L-shaped retaining member coupled to the second tubular support body; and 
wherein the first tubular sleeve of the first colitt assembly further defines: 

a slot for receiving and mating with the L-shaped retaining member of the split ring collar. 

An apparatus for radially expanding a tubular member* comprising: 
a mbular suppon member comprising: 

a first tubular support body defining a longitudinal passage; 

a first radial passage defined in the first tubular support body fluidicly coupled to the longitudinal 
passage; 

a first flange coupled to the first tubular support body; 
a second flange coupled to die fust tubular support body; 
a first tapered flange coupled to the fust tubular support body; and 
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a second tapered flange coupled to the first tubular support body; 
an adjustable expansion cone assembly movably coupled to the tubular support member: 
a first dog assembly movably coupled to the tubular support member that comprises: 

a first tubular sleeve coupled to the adjustable expansion cone assembly defining: 
a fust coimterbore for receiving the first flange; and 
a second radial passage; 
a first spring received within the first counterbore; 
a first retaining ring received within the first counterbore; 

a fu-st load transfer pin coupled to the first retaining ring and extending through the second radial 
passage; 

a second tubular sleeve coupled to the first load u-ansfer pin defining: 

a second coimterbore for receiving the fu^t tubular sleeve; 
a first resilient dog coupled to the second tubular sleeve and positioned adjacent to the first tapered 

flange; 

a second dog assembly movably coupled to the tubular support member that comprises: 
a third tubular sleeve defining: 

a second counterbore for receiving the second flange; 
a third radial passage; and 

a fourth radial passage fluidicly coupled to the first radial passage; 
a second spring received within the second counterbore; 
a second retaining ring received within the second coimterbore; 

a second load transfer pin coupled to the second retaining ring and extending through the third 
radial passage; 

a fourth tubular sleeve coupled to the second load transfer pin; 

a second resilient dog coupled to the fourth tubular sleeve and positioned adjacent to the second 
tapered flange; and 

first and second packer cups coupled to the tubular support member between the first and second dog 
assemblies. 

The apparatus of claim 22, wherein the tubular support member further comprises: 
an expansion cone support body coupled to the first tubular support body comprising: 

an N*sided tiered tubular support member, 

wherein each side of the multi-sided tapered mbular support member defines a T>shaped 
slot; 

wherein the adjustable expansion cone assembly comprises: 

N expansion cone segments movably coupled to the expansion cone support body, each 
comprising: 

an expansion cone segment body including arcuate conical outer surfaces; 

a first T-shaped retaining member coupled to the expansion cone segment body for 

movably coupling the expansion cone segment body to a corresponding one of 
the T-shaped slots of the expansion cone support body; and 

a second T-shaped retaining member coupled to the expansion cone segment body; and 
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a split ring collar movably coupled to the exterior of the tubular suppon member comprising: 
a second hibular support body defining: 

N T-shaped slots for movably receiving corresponding ones of the second T- 
shaped retaining members of the expansion cone segments; and 
an L-shaped retaining member coupled to the second tubular support body, and 
wherein the first tubular sleeve of the first dog assembly further defines: 

a slot for receiving and mating with the L-shaped retaining member of the split ring collar. 

The apparatus of claim 22, wherein the tubular support member fiuther comprises: 
an expansion cone support body coupled to the tubular support body comprising: 

a tapered tubular support member defining N stepped slots; 
wherein the adjustable expansion cone assembly comprises: 

an expansion cone assembly movably coupled to the tubular support member comprising: 

a second hibular support body movably coupled to the first tubular support body defming 
an L-shaped slot; and 

N expansion cone segments extending from the second tubular support member, each 
expansion cone segment comprising: 

a resilient collet coupled to the second tubular support member, 
an expansion cone segment body coupled to the resilient collet 

including arcuate conical outer surfaces; and 
a retaining member coupled to the expansion cone segment body for 
movably coupling the expansion cone segment body to a 
correspondmg one of the stepped slots of the expansion cone 
support body; and 

a split ring collar movably coupled to the exterior of the tubular support member comprising: 
a third tubular support body: 

a first L-shaped retaining member coupled to the third tubular support body for mating 

with the L-shaped slot of the second tubular support body; and 
a second L-shaped retaining member coupled to the third tubular support member; and 
wherein the first tubular sleeve of the first dog assembly further defines: 

a slot for Deceiving and mating with the second L-shaped retaining member of the split ring collar. 

The apparatus of claim 22, wherein the tubular support member further comprises: 
an expansion cone support body coupled to the first tubular support body comprising: 

a tapered tubular support member defming N slots; 
wherein the adjustable expansion cone assembly comprises: 

an expansion cone assembly movably coupled to the tubular support member comprising: 

a second tubular support body movably coupled to the first tubular support body defm'mg 
an L-shaped slot; and 

N expansion cone segments extending from the second tubular support member, each 
expansion cone segment comprising: 

a resilient collet coupled to the second tubular support member; 
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an expansion cone segment body coupled lo the resilient col lei 
includuig arcuate conical outer surfeces: and 

a retaining member coupled lo the expansion cone segment body for 
movably coupling the expansion cone segment body to a 
corresponding one of the slots of the expansion cone support . 
body; and 

a split ring collar movably coupled to the exterior of the tubular support member comprising: 
a third tubular support body; 

a first L-shaped retaining member coupled to the third tubular support body for mating 

with L-shaped slot of the second tubular support body; and 
a second L-shaped retaining member coupled to the third tubular support body; and 
wherein the first mbular sleeve of the first dog assembly further defines: 

a slot for receiving and mating wiA the second L-shaped retaining member of the split ring collar. 

The apparatus of claim 22, wherein the tubular suppon member fiirther comprises: 
an expansion cone support body coupled to the tubular support body comprising: 

a tapered tubular support member defining N slots; 
wherein the adjustable expansion cone assembly comprises: 

an expansion cone assembly movably coupled to the mbular support member comprising: 

a second tubular support body movably coupled to the first tubular support body defming 
an L-shaped slot; and 

N/2 first expansion cone segments extending from the second tubular support member, 
each first expansion cone segment comprising: 

a first resilient collet coupled to the second tubular support member; 
a first expansion cone segment body coupled to the resilient collet 

including arcuate conical outer surfaces; and 
a first retaining member coupled to the expansion cone segment body 
for movably coupling the expansion cone segment body to a 
corresponding one of the slots of the expansion cone suppon 
body; 

N/2 second expansion cone segments extending fi^om the second mbular support member, 
each second expansion cone segment comprising: 

a second resilient collet coupled to the second tubular support member; 
a second expansion cone segment body coupled to the resilient collet 

including arcuate conical outer surfaces; and 
a second retaining member coupled to the expansion cone segment 

body for movably coupling the expansion cone segment body 
to a corresponding one of the slots of the expansion cone 
support body; 

wherein the second expansion cone segments overlap and are interleaved with 
the first expansion cone segments; and 
a split ring collar movably coupled to the exterior of the tubular support member comprising: 
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a third tubular support body; 

a first L-shaped retaining member coupled to the third tubular support body for mating 

with the L-shaped slot of the second tubular support body; and 
a second L-shaped retaining member coupled to the third nibular support body; and 
wherein the first tubular sleeve of the first dog assembly further defines: 

a slot for receiving and mating with the second L-shaped retaining member of the split ring collar. 

7. The apparatus of claim 22, wherein the tubular suppwt member further comprises: 

an expansion cone support body coupled to the first tubular support body comprising; 

an N-sidcd tapered tubular support member; 

wherein each side of the multi-sided tapered tubular support member defines a T-shaped 
slot; 

wherein the adjustable expansion cone assembly comprises: 

N/l first expansion cone segments movably coupled to the expansion cone suppon body» each 
comprising: 

a first expansion cone segment body including arcuate conical outer surfaces; 

a first T-shaped retaining member coupled to the first expansion cone segment body for 
movably coupling the first expansion cone segment body to a corresponding one 
of the T-shaped slots of the expansion cone support body; and 

a second T-shaped retaining member coupled to the first expansion cone segment body; 
K/2 second expansion cone segmems movably coupled to the expansion cone support body, each 

comprising: 

a second expansion cone segment body including arcuate conical outer surfaces; 

a third T-shaped retaining member coupled to the second expansion cone segment body 
for movably coupling the second expansion cone segment body to a 
corresponding one of the T-shaped slots of the expansion cone support body; 
and 

a fourth T-shaped retaining member coupled to the expansion cone segment body; 
wherein the first and second expansion cone segmems are interleaved; 
wherein the fn^t expansion cone segment bodies are complementary shaped with respect to the 

'Second expansion cone segment bodies; and 
a split ring collar assembly movably coupled to the exterior of the tubular support member 

comprising: 

a second mbular support body defining: 

N T-shaped slots for movably receiving corresponding ones of the second and 
fourth T-shaped retaining members of the interleaved first and second 
expansion cone segments; and 
an L-shaped retaining member coupled to the second tubular support body; and 
wherein the first mbular sleeve of the first dog assembly further defines: 

a slot for receivmg and mating with the L-shaped retaining member of the split ring collar. 



2S. An apparatus for radially expanding a tubular member, comprising: 
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a tubular support member comprising: 

a first tubular support body defining a longitudinal passage including a throat passage; 
a first radial passage defined in the first nibular support body fluidicly coupled to the longitudinal 
passage; 

a first flange coupled to the first tubular support body; 

a second flange coupled to the first tubular support body defining: 

a second radial passage defined in the second flange fluidicly coupled to the longitudinal 
passage; and 

an adjustable expansion cone assembly movably coupled to the tubular support member; 
a dog assembly movably coupled to the tubular support member that comprises: 

a first tubular sleeve coupled to the adjustable expansion cone assembly defining: 
a first counterbore for receiving the first flange; and 
a third radial passage; 
a spring received within the first counterbore; 
a retaining ring received within the first counterbore; 

a load transfer pin coupled to the retaining ring and extending through the third radial passage; 
a second tubular sleeve coupled to the first load transfer pin that defines: 

a first counterbore for receiving the first tubular sleeve; 
a second coumerbore for receiving and mating with the tapered flange; and 
comprises: 

a ihird flange defining: 

a third counterbore for receiving the second flange; 
a fourth counterbore for receiving the second flange; and 
a fourth radial passage; and 
a resilient dog coupled to the second tubular sleeve and positioned adjacent to the tapered flange; 
and 

first and second packer cups coupled to the tubular support member between the resilient dog and the third 
flange. 

The apparatus of claim 28, wherein the tubular support member fiirther comprises: 
an expansion cone support body coupled to the first tubular support body comprising: 

an N-sided tapered tubular support member; 

wherein each side of the multi-sided tapered tubular support member defines a T-shaped 
slot; 

wherein the adjustable expansion cone assembly comprises: 

N expansion cone segments movably coupled to the expansion cone support body, each 
comprising: 

an expansion cone segment body including arcuate conical outer surfaces; 

a first T-shaped retaining member coupled to the expansion cone segment body for 

movably coupling the expansion cone segment body to a corresponding one of 
the T-shaped slots of the expansion cone support body; and 

a second T-shaped retaining member coupled to the expansion cone segment body; and 

68 



wo 03/0231 7K PCT/US02/256II8 

a split ring collar movably coupled to the exterior of the tubular support member comprising- 
a second tubular support body defming: 

N T-shaped slots for movably receiving corresponding ones of the second T- 
shaped retaining members of the expansion cone segments; and 
an L-shaped retaining member coupled to the second tubular support body; and 
wherein the first tubular sleeve of the dog assembly further defmes: 

a slot for receiving and mating with the L-shaped retaining member of the split ring collar. 

The apparatus of claim 28, wherein the tubular support member further comprises: 
an expansion cone support body coupled to the tubular support body comprising: 

a tapered tubular support member defming N stepped slots; 
wherein the adjustable expansion cone assembly comprises: 

an expansion cone assembly movably coupled to the tubular support member comprising: 

a second tubular support body movably coupled to the first tubular support body defming 

an L-shaped slot; and 
N expansion cone segments extending from the second tubular support member, each 
expansion cone segment comprising: 

a resilient collet coupled to the second tubular support member; 
an expansion cone segment body coupled to the resilient collet 

including arcuate conical outer surfaces; and 
a rewining member coupled to the expansion cone segment body for 
movably coupling the expansion cone segment body to a 
corresponding one of the stepped slots of the expansion cone 
support body; and 

a split ring collar movably coupled to the exterior of the tubular support member comprising: 
a third tubular support body: 

a first L-shaped retaining member coupled to the third tubular support body for mating 

with the L-shaped slot of the second tubular support body; and 
a second L-shaped retaining member coupled to the third tubular support member; and 
wherein the first tubular sleeve of the dog assembly further defines: 

a slot for r;eceiving and mating with the second L-shaped retaining member of the split ring collar. 

The apparatus of claim 28, wherein the tubular support member further comprises: 
an expansion cone support body coupled to the first tubular support body comprising: 

a tapered tubular support member defining N slots; 
wherein the adjustable expansion cone assembly comprises: 

an expansion cone assembly movably coupled to the tubular support member comprising: 

a second mbular support body movably coupled to the first tubular support body defining 
an L-shaped slot; and 

N expansion cone segments extending from the second tubular suppon member, each 
expansion cone segment comprising: 

a resilient collet coupled to the second tubular support member; 
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an expansion cone segment body coupled to the resilient collet 
including arcuate conical outer surfaces: and 

a retaining member coupled to the expansion cone segment body for 
movably coupling the expansion cone segment body to a 
corresponding one of the slots of the expansion cone support 
body; and 

a split ring collar movably coupled to the exterior of the tubular suppon member comprising, 
a third tubular support body; 

a first L-shaped retaining member coupled to the third tubular suppon body for mating 

with L-shaped slot of the second tubular support body; and 
a second L-shaped retaining member coupled to the third tubular support body; and 
wherein the first tubular sleeve of the dog assembly further defmes: 

a slot for receiving and mating with the second L-shaped retaining member of the split ring collar. 

The apparatus of claim 28, wherein the tubular support member liirther comprises: 
an expansion cone support body coupled to the tubular support body comprising: 

a tapered tubular support member defining N slots; 
wherein the adjustable expansion cone assembly comprises: 

an expansion cone assembly movably coupled to the tubular support member comprising: 

a second tubular support body movably coupled to the first tubular suppon body defming 
an L-shaped slot; and 

N/2 first expansion cone segments extending from the second tubular suppon member, 
each first expansion cone segment comprising: 

a first resilient collet coupled to the second tubular suppon member; 
a first expansion cone segment body coupled to the resilient collet 

including arcuate conical outer surfaces; and 
a first retaining member coupled to the expansion cone segment body 
for movably coupling the expansion cone segment body to a 
corresponding one of the slots of the expansion cone suppon 
body; 

"Wl second expansion cone segments extending from the second tubular support member, 
each second expansion cone segment comprising: 

a second resilient collet coupled to the second tubular support member; 
a second expansion cone segment body coupled to the resilient collet 

including arcuate conical outer surfaces; and 
a second retaining member coupled to the expansion cone segment 

body for movably coupling the expansion cone segment body 
to a corresponding one of the slots of the expansion cone 
suppon body; 

wherein the second expansion cone segments overlap and are interleaved with 
the first expansion cone segments; and 
a split ring collar movably coupled to the exterior of the tubular suppon mcniber comprising: 
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a third tubular support body; 

a first L-shaped retaining member coupled to the third tubular support body for mating 

with the L-shaped slot of the second nibular support body; and 
a second L-shaped retaining member coupled to the third tubular support body; and 
wherein the first tubular sleeve of the dog assembly further defines: 

a slot for receiving and mating with the second L-shaped retaining member of the split ring collar 

The apparatus of claim 28, wherein the tubular support member further comprises: 
an expansion cone support body coupled to the first tubular support body comprising: 

an N-sided tapered tubular support member; 

wherein each side of the multi-sided tapered tubular support member defines a T-shaped 
slot; 

wherein the adjustable expansion cone assembly comprises: 

N/2 first expansion cone segments movably coupled to the expansion cone support body, each 
comprising: 

a first expansion cone segment body including arcuate conical outer surfaces; 

a first T-shaped retaining member coupled to the first expansion cone segment body for 
movably coupling the first expansion cone segment body to a corresponding one 
of the T-shaped slots of the expansion cone support body; and 

a second T-shaped retaining member coupled to the first expansion cone segment body; 
N/2 second expansion cone segments movably coupled to the expansion cone support body, each 

comprising; 

a second expansion cone segment body including arcuate conical outer surfaces; 

a thini T-shaped retaining member coupled to the second expansion cone segment body 
for movably coupling the second expansion cone segment body to a 
corresponding one of the T-shaped slots of the expansion cone support body; 
and 

a fourth T-shaped retaining member coupled to the expansion cone segment body; 
wherein the first and second expansion cone segments arc interleaved; 
wherein the first expansion cone segment bodies are complementary shaped with respect to the 

-second expansion cone segment bodies; and 
a spHt ring collar assembly movably coupled to the exterior of the tubular support member 

comprising: 

a second tubular support body defining: 

N T-shaped slots for movably receiving corresponding ones of the second and 
fourth T-shaped retaining members of the interleaved first and second 
expansion cone segments; and 
an L-shaped retaining member coupled to the second tubular support body; and 
wherein the first tubular sleeve of the dog assembly further defines: 

a slot for receiving and mating with the L-shaped retaining member of the split ring collar. 

An apparatus for radially expanding a mbular member, comprising: 
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a tubular support member; 

an adjustable expansion cone assembly movably coupled to the tubular support member: and 
means for adjusting the adjustable expansion cone assembly. 

35. The apparatus of claim 34, wherein the means for adjusting the adjustable expansion cone assembly 
comprises: 

frictional means for adjusting the adjustable expansion cone assembly. 

36. The apparatus of claim 34, vvherein the means for adjusting the adjustable expansion cone assembly 
comprises: 

resilient means for adjusting the adjustable expansion cone assembly. 

37. An adjustable expansion cone assembly, comprising: 
a tubular support member; 

an adjustable expansion cone movably coupled to the tubular support member, comprising: 
a plurality of expansion cone segments; and 

means for guiding the expansion cone segments on the tubular support member; and 
means for adjusting the adjustable expansion cone. 

38. The adjustable expansion cone assembly of claim 37, wherein the adjustable expansion cone further 
comprises: 

means for interlocking the expansion cone segments. 

39. The adjustable expansion cone assembly of claim 37. wherein the means for adjusting the adjustable 

expansion cone comprises: 

resilient means for supporting the expansion cone segments. 

40. The adjustable expansion cone assembly of claim 37, wherein the expansion cone segments include first 
and second interleaved groups of expansion cone segments. 

4 1 . The adjustable expansion cone assembly of claim 40, wherein the means for adjusting the adjustable 
expansion cone comprises: 

means for displacing the first and second interleaved groups of expansion cone segments in opposite 

directions. 

42. A method of operating an adjustable expansion cone assembly comprising a plurality of expansion cone 
segments, comprising: 

guiding the expansion cone segments on a tapered body; and 

controllably displacing the expansion cone segments along the tapered body. 

43. The method of claim 42, further comprising: 

resiliently guiding the expansion cone segments on the tapered body. 
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44. The method of claim 42, ftjrther comprising: 
interlocking the expansion cone segments. 

45. The method of claim 42, ftirther comprising: 

dividing the expansion cone segments into first and second groups of expansion cone segments; and 
interleaving the first and second groins of expansion cone segments. 

46. The method of claim 45, ftuther comprising: 

overlapping the first and second groups of expansion cone segments. 

47. The method of claim 45, wherein cotin-ollably displacing the expansion cone segments along the tapered 
body comprises: 

displacing the first and second interleaved groups of expansion cone segments in opposite directions. 

48. A method of operating an adjustable expansion cone assembly comprising a plurality of expansion cone 
segments, comprising: 

guiding the expansion cone segments on a multi-sided tapered body; 
interlocking the expansion cone segments; and 

controllably displacing the expanston cone segments along the tapered body. 

49. A method of operating an adjustable expansion cone assembly comprising a plurality of expansion cone 
segments, comprising: 

resiliently guiding the expansion cone segments on a multi-sided tapered body; 

guiding each of the expansion cone segments on opposite sides in the circumferential direction; 

interlocking the expansion cone segments; and 

controllably displacing the expansion cone segments along the tapered body. 

50. A method of operating an adjustable expansion cone assembly comprising a plurality of expansion cone 
segments, comprising: 

dividing the expansion cone segments into fu^t and second groups of expansion cone segments; 

interleaving the first and second groups of expansion cone segments; 

overlapping the fu-st and second groups of expansion cone segments; 

resiliently guiding the expansion cone segments on a multi-sided tapered body; 

guiding each of the expansion cone segments on opposite sides in the circumferential direction; and 

controllably displacing the expansion cone segments along the tapered body. 

51. A method of operating an adjustable expansion cone assembly comprising a plurality of expansion cone 
segments, comprising: 

dividing the expansion cone segments into fust and second groups of expansion cone segments; 
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interleaving the first and second groups of expansion cone segments; 
guiding the expansion cone segments on a multi-sided tapered body; and 

controllably displacing the expansion cone segments along the tapered body while also relaiively displacing 
the first and second groups of expansion cone segments in opposite directions. 

52. A method of plastically deforming and radially expanding an expandable tubular member using an 
apparatus comprising a tubular support member, an adjustable expansion cone assembly movably coupled to the 
tubular support member, and an actuator movably coupled to the tubular support member for adjusting the 
adjustable expansion cone assembly, comprising: 

coupling a first end of the expandable mbular member to a tubular strucmre; 

locking the actuator to the tubular support member of the apparatus; 

inserting the apparatus into the first end of the expandable tubular member; 

moving the actuator and the adjustable expansion cone assembly of the apparatus out of the second end of 

the expandable tubular member; 
reinserting the actuator of the apparatus into the second end of the expandable tubular member; 
unlocking the actuator from the tubular support member of the apparatus; 
rotating the actuator relative to the tubular support member of the apparatus; and 
increasing the outside diameter of the adjustable expansion cone assembly by moving the tubular support 

member relative to the actuator, the adjustable expansion cone assembly, and the expandable 

tubular member; and 

plastically deforming and radially expanding the expandable tubular member by moving the adjustable 
expansion cone assembly through the expandable tubular member. 

53- The method of claim 52, wherein the tubular support member includes one or more lugs; wherein the 
actuator includes one or more corresponding retaining slots; and wherein locking comprises positioning the lugs into 
the corresponding retaining slots. 

54. The method of claim 52, wherein the tubular support member includes one or more lugs; wherein the 
actuator includes one or more corresponding retaining slots; and wherein unlocking comprises positioning the lugs 
out of engagement with corresponding retaining slots. 

55. The method of claim 52, wherein moving the tubular support member relative to the actuator, the 
adjustable expansion cone assembly, and the e.xpandable tubular member comprises: 

the actuator frictionally engaging the expandable tubular member. 

56. The method of claim 52, wherein moving the adjustable expansion cone assembly through the expandable 
tubular member comprises: 

pulling the adjustable expansion cone through the expandable tubular member. 

57. The method of claim 52, further comprising: 

fluidicly sealing the interface between the tubular support member of the apparatus and the expandable 
tubular member, 
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wherein moving the adjustable expansion cone assembly through the expandable tubular member 
comprises: 

injecting a pressurized fluid into the tubular support member. 

58. A method of plastically deforming and radially expanding an expandable tubular member using an 
apparatus comprising a tubular support member, an adjustable expansion cone assembly movably coupled to the 
tubular suppon member, and an actuator movably coupled to the tubular support member for adjusting the 
adjustable expansion cone assembly, comprising: 

coupling a first end of the expandable tubular member to a tubular structure; 

inserting the apparatus into the first end of the expandable tubular member in a first direction: 

displacing the actuator of the apparatus in a second direction opposite to the first direction; 

applying a resilient biasing force to the adjustable expansion cone assembly in the second direction; 

moving the actuator and the adjustable expansion cone assembly of the apparatus out of the second end of 

the expandable tubular member; 
reinserting the actuator of the apparatus into the second end of the expandable tubular member in the 

second direction; 

increasing the outside diameter of the adjustable expansion cone assembly by displacing the actuator and 
the adjustable expansion cone assembly relative to the expandable tubular member in the first 
direction; and 

plastically deforming and radially expanding the expandable tubular member by moving the adjustable 
expansion cone assembly through the expandable tubular member in the second direction. 

59. The method of claim 58, wherein displacing the actuator of the apparatus in the second direction comprises: 
impacting the actuator with the first end of the expandable tubular member. 

60. The method of claim 58, wherein displacing the actuator and the adjustable expansion cone assembly 
relative to the expandable tubular member in the first direction comprises: 

impacting the actuator with the second end of the expandable tubular member. 

61 . The method of claim 58, wherein moving the adjustable expansion cone assembly through the expandable 
tubular member comprises: ,^ 

pulling the adjustable expansion cone through the expandable tubular member. 

62. The method of claim 58, further comprising: 

fluidicly sealing the interface between the tubular suppon member of the apparatus and the expandable 
tubular member; 

wherein moving the adjustable expansion cone assembly through the expandable tubular member 
comprises: 

injecting a pressurized fluid into the tubular support member. 



63. 



An adjustable expansion cone assembly, comprising: 
a plurality of expansion cone segments; 
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means for guiding the expansion cone segments on a tapered body; and 

means for controllably displacing the expansion cone segments along the tapered body. 



64. The assembly of claim 63, further comprising: 

means for resiliently guiding the expansion cone segments on the tapered body. 

65. The assembly of claim 63, further comprising; 
means for interlocking the expansion cone segments. 

66. The assembly of claim 63, further comprising: 

means for dividing the expansion cone segments into first and second groups of expansion cone segments; 
and 

means for interleaving the first and second groups of expansion cone segments. 

67. The assembly of claim 66, further comprising: 

means for overlapping the first and second groups of expansion cone segments. 

68. The assembly of claim 66, wherein the means for controUably displacing the expansion cone segments 
along the tapered body comj^ises: 

means for displacing the first and second interleaved groups of expansion cone segments in opposite 
directions. 

69. An adjustable expansion cone assembly, comprising: 
a plurality of expansion cone segments; 

means for guiding the expansion cone segments on a multi-sided tapered body; 
means for interlocking the expansion cone segments; and 

means for controUably displacing the expansion cone segments along the tapered body. 

70. An adjustable expansion cone assembly, comprising: 
a plurality of expansion cone segments; 

means for resilieinly guiding the expansion cone segments on a multi-sided tapered body; 

means for guiding each of the expansion cone segments on opposite sides in the circumferential direction; 

means for interlocking the expansion cone segments; and 

means for controUably displacing the expansion cone segments along the tapered body. 

71. An adjustable expansion cone assembly, comprising: 
a plurality of expansion cone segments; 

means for dividing the expansion cone segments into first and second groups of expansion cone segments; 

means for interleaving the first and second groups of expansion cone segments; 

means for overlapping the first and second groups of expansion cone segments; 

means for resiliently guiding the expansion cone segments on a multi -sided tapered body; 
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means for guiding each of the expansion cone segments on opposite sides in the'circumfercntial direction: 
and 

means for controllably displacing the expansion cone segments along the tapered body. 



72. An adjustable expansion cone assembly, comprismg: 
a plurality of expansion cone segments; 

means for dividing the expansion cone segments into first and second groups of expansion cone segments; 
means for interleaving the first and second groiqss of expansion cone segments; 
means for guiding the expansion cone segments on a multi-sided tapered body; and 
means for controllably displacing the expansion cone segments along the tapered body while also relatively 
displacing the first and second groups of expansion cone segments in opposite directions. 

73. . An apparatus for plastically deforming and radially expanding an expandable tubular member, comprising: 
a tubular support member; 

an adjustable expansion cone assembly movably coupled to the tubular support member; 

means for actuating the adjustable expansion cone assembly; 

means for locking the actuator to the tubular support member of the apparatus; 

means for unlocking the actuator from the tubular support member of the apparatus; 

means for increasing the outside diameter of the adjustable expansion cone assembly by moving the tubular 

support member relative to the actuator, the adjustable expansion cone assembly, and the 

expandable tubular member. 

74. The apparatus of claim 73, wherein the tubular support member includes one or more lugs; wherein the 
actuator includes one or more corresponding retaining slots; and wherein the means for locking comprises 
positioning the lugs into the corresponding retaining slots. 



75. The apparatus of claim 73, wherein the tubular support member includes one or more lugs; wherein the 
actuator includes one or more corresponding retaining slots; and wherein the means for unlocking comprises 
positioning the lugs out of engagement with corresponding retaining slots. 



76. The method of claim 73, further comprising: 

means for lluidicly sealing the interface between the tubular support member of the apparatus and the 
expandable tubular member. 

77. An apparanis for plastically deforming and radially expanding an expandable tubular member, comprising: 
a tubular support member, 

an adjustable expansion cone assembly movably coupled to the tubular support member; 
means for actuating the adjustable expansion cone assembly; 
means for displacing the actuator of the apparatus in a first direction; 

means for applying a resilient biasing force to the adjustable expansion cone assembly when the actuator is 
displaced in the first direction; 
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means for increasing the outside diameter of the adjustable expansion cone assembly by displacing the 

actuator and the adjustable expansion cone assembly relative to the expandable tubular member in 
a second direction opposite to the first direction. 

78. The apparatus of claim 77, wherein the means for displacing the actuator of the apparatus in the first 
direction comprises: 

means for impacting the actuator. 

79. The apparatus of claim 77, wherein the means for displacing the actuator and the adjustable expansion cone 
assembly relative to the expandable tubular member in the first direction comprises: 

means for impacting the actuator. 
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